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THEORETICAL  SYNTHESIS  OF  SUPERNOVA  SPECTRA 


FRED  L.  WHIPPLE  AND  CECILIA  PAYNE-GAPOSCHKIN 

Harvard  College  Observatory 
(Read  April  18, 1940) 

Abstbagt 

The  stipernovie  have  already  been  shown  to  be  temporary  stars  the  intrinsic  bright- 
ness of  which  at  maximum  light  greatly  exceeds  that  of  any  other  known  star,  and  is  in- 
deed of  the  same  order  as  the  brightness  of  an  external  galaxy.  The  spectra  of  these 
unique  objects  appear  to  consist  of  extremely  wide  bands  (200  ±  Angstroms)  not  pre- 
viously identified  either  as  absorption  or  emission  lines  or  bands  of  known  substances. 

As  a  working  h>TX)thesis  the  authors  have  assumed  that  the  spectra  of  supernova; 
coasist  (principally)  of  permitted  emission  lines  of  astrophysically  common  elements 
superimposed  upon  a  continuous  background.  The  lines  are  further  assumed  to  be 
broadened  by  a  Doppler  effect  of  expansion  in  the  atmosphere,  a  process  not  unlike 
that  generally  a.s^iumed  for  the  production  of  the  spectra  of  ordinary  novse.  A  total 
line  breadth  corresponding  to  a  relative  expansion  of  12,000  km/sec  (measured  along 
the  line  of  sight)  was  adopted  for  the  supemove,  in  conformity  with  the  observed 
breadths  of  some  of  the  prominent  spectral  features. 

Evidence  of  various  kinds  shows  that  the  effective  temperature  of  the  supernovse 
near  maximum  light  is  relatively  low  (of  the  order  of  10,000^  K).  The  continuous 
spectrum  appears  to  decrease  in  intensity  with  the  time,  and  the  temperature  to  rise 
within  the  first  two  hundred  days  after  maximum  light. 

Because  of  the  overlapping  of  greatly  widened  emission  lines  at  the  velocities  con- 
sidered, the  ordinary  methods  of  comparing  laboratory  and  stellar  spectra  were  not 
applicable.  It  was  necessary  to  combine  adopted  .spectra  of  various  atoms  by  the  double 
process  of  widening  the  lines  in  proportion  to  wave-length  (with  inverted-parabolic 
profiles)  and  then  summing  the  intensities  at  small  intervals  of  wave-length,  with  the 
inclusion  of  suitable  background  continua.  These  synthesized  spectra  were  in  a  form 
for  direct  comparison  with  the  intensity  distributions  of  the  observed  spectra,  as  inferred 
from  microphotometer  tracings  of  the  spectra  of  two  supernovse  as  published  by  R. 
Minkowski. 

Since  the  whole  value  of  the  method  depended  upon  an  accurate  knowledj^o  of  the 
relative  intensities  of  the  lines  of  each  atom,  all  the  intensities  were  calculated  from 
modem  atomic  theory  by  means  of  the  summation  rules  and  the  Einstein  probability 
coefficients.  The  detailed  method  necessarily  differed  from  atom  to  atom,  and  labora- 
tor>'  intensities  were  used  as  checks  when  theory  was  available,  or  in  some  cases  directly. 

Theoretical  determinations  were  made  of  the  relative  intensities  of  the  permitted 
lines  ct  nineteen  spectra,  including  hydrogen,  helium,  carbon,  nitrogen,  oxygen,  sodium, 
calcium  and  iron  in  various  stages  of  ionization.  Complete  tables  of  the  transitions 
and  the  theoretical  intensities  of  all  of  the  lines  studied  are  presented. 

By  combining  the  spectra  at  various  levels  of  temperature  (ionisation)  it  was 
possible  to  duplicate  many  of  the  features  of  the  supernova  spectra.  The  peculiar  red 
shift  with  time,  observed  only  in  the  blue  region  of  the  spectrum,  is  now  explained  as  a 
fortuitous  effect  arising  from  changes  in  the  emission  spectra  with  increasing  temperature. 

Hydrogen  appears  tp  be  relatively  less  abundant  than  in  the  atmospheres  of  ordinary 
stars  or  nov»,  while  iron  appears  to  be  relatively  more  abundant  than  in  stellar  atmos- 
pheres.   Some  novae,  however,  have  shown  very  intense  spectra  of  iron. 

The  results  of  the  investigation  are  favorable  to  the  supposition  that  the  supernovse 
are  not  essentially  different  from  ordinary  nova?  in  their  atmospheric  phenomena,  except 
for  the  scale  of  the  outburst  and  the  consequent  details  of  some  of  the  physical  processes. 
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The  purpose  of  the  present  investigation  is  to  examine  the 
possibility  that  the  spectra  of  supemovse  consist  essentially  of  a 

continuum  on  which  the  bright  lines  of  common  atoms  are  super- 
posed. Before  more  speculative  interpretations  can  be  accepted  it 
is  necessary  to  exhaust  the  possibilities  of  analysis  in  terms  of 
recognized  transitions  of  known  atoms  (or  molecules)  in  states  of 
excitation  that  have  been  observed  astrophysically.  This  analysis 
is  restricted  by  the  requirement  that  the  implied  physical  processes 
must  be  internally  consistent  and  must  also  be  consistent  with 
other  processes  that  are  generally  believed  to  obtain  in  related 
phenomena.  In  a  simple  and  direct  fashion  we  are  attempting  to 
duplicate  the  observed  spectral  phenomena  without  recourse  to 
new  processes  and  hitherto  unobserved  conditions. 

Details  of  the  spectra  of  five  supernova  have  been  published: 
Z  Centauri  in  N.G.C.  5253  by  Pickering  (1897);  SN  1926  N.G.C. 
4303  and  SN  1936  N.G.C.  4273  by  Humason  (1936);  SN  1937 
N.G.C.  1003  by  Minkowski  (1939)  and  by  Strohmeier  (1938);  and 
SN  1937  N.G.C.  4182  by  Minkowski  (1939),  by  Popper  (1937)  and 
by  Strohmeier  (1937).  There  has  been  no  agreement  as  to  the 
identification  of  the  few  features  that  can  be  distinguished  in  these 
spectra.  Thej^  appear,  at  any  given  interval  after  maximum,  to 
be  substantially  similar,  if  not  identical,  though  of  the  more 
recently  observed  supernova  in  N.G.C.  5907  Humason  and 
Minkowski  (1940)  state,  -''Its  spectrum  suggests  important  devia- 
tions from  the  normal  pattern  hitherto  observed  in  supernovse.'' 

Although  the  spectrum  ol  Z  Centauri  was  at  first  described  by 
Miss  Cannon  (1913)  as  resembling  Class  R,  measures  by  Johnson 
(1936)  showed  features  incompatible  with  this  classification,  and 
confirmed  the  suggestions  of  Ritchey  and  Pease  (1917),  of 
Vorontsov-Velyaminov  (1931)  and  of  C.  Paj^ne-Gaposchkin  (1936), 
that  supernovjE  have  bright-line  spectra.  It  is  obvious,  if  this 
interpretation  be  correct,  that  the  bright  Unes  must  be  exceed- 
ingly wide. 

Recent  investigations,  notably  that  of  Minkowski  (1939),  show 
that  the  spectra  of  supernovas  undergo  striking  changes  as  a  func- 
tion of  time  after  maximum  light.  In  the  blue  region  of  the 
spectrum  the  changes  appear  as  a  progressive  shifting  of  the  main 
features  toward  the  red,  an  effect  not  shared  by  the  features  in 
the  green,  yellow,  and  red.  A  physical  red-shift  that  affects  only 
a  limited  region  of  the  spectrum  is  difficult  to  envisage.   In  the 


Copyrighted  material 


THEORETICAL  SYNTHESIS  OP  SUPERNOVA  SPECTRA  3 


present  investigation  it  will  be  shown  that  this  shift  can  be  ex- 
plained without  recourse  to  special  physical  processes. 

Our  method  is  to  assume  that  emission  lines  are  enormously 
widened  and  that  their  profiles  combine  additively  in  the  formation 
of  the  spectrum,  which  is  superposed  upon  a  continuum.  For  this 
purpose  it  is  necessary  to  decide  upon  the  appropriate  atomic 
spectra,  to  determine  the  relative  intensities  of  the  lines,  and  to 
choose  a  suitable  continuum.  In  the  choice  of  spectra  to  be  used 
we  are  guided  by  astrophysical  abundance,  and  limited  by  labora- 
tory information  and  theory  based  upon  it.  All  possible  atomic 
spectra  of  hydrogen,  helium,  carbon,  nitrogen,  and  oxygen,  all 
available  spectra  of  iron,  the  spectrum  of  neutral  sodium  and  of 
once  ionized  calcium  have  been  used  in  the  synthesis.  This  list 
includes  all  the  commoner  atomic  species  except  magnesium  and 
silicon,  which,  upon  investigation,  did  not  appear  to  contribute 
appreciably.  In  the  following  section  are  presented  the  methods 
'  of  obtaining  the  relative  intensities  of  the  lines  in  these  spectra, 
and  the  numerical  values. 

The  Emission  Line  Intensities 

The  relative  intensities  of  the  emission  lines  in  the  spectrum  of 
a  given  atom  in  a  particular  stage  of  ionization  are  given  by  the 
formula : 

exp  (-  XnlkT),  (1) 

where  n  and  n'  are  the  respective  quantum  numbers  of  the  lower 
and  upper  states,  tt  is  the  statistical  weight,  and  Ann'  is  the  Ein- 
stein probability  factor.  Since  numerical  values  of  the  A's  were 
available  only  for  H  I,  He  I,  and  He  II,  it  was  necessary  to  make 
estimates  of  the  transition  probabilities  for  the  other  elements. 
Within  multiplets  it  ^sa  possible  to  use  the  strengths  given  by 
Russell  (1936),  and  for  the  relative  strengths  of  multiplets  in 
transition  arrays,  the  tables  given  by  Goldberg  (1935).  The 
strengths,     are  related  to  the  A's  by  the  following  relation: 

Ann'   «  ^  Snn'V^.  (2) 

For  certain  spectra  it  was  possible  to  estimate  values  of  the 
Ladenburg  factor,  /,  by  means  of  the  sum  rule  (Kuhn  and  Thomas- 

Reiche,  1938).  Line  intensities  based  on  these  estimates  are 
correct  only  in  order  of  magnitude.    Tliis  procedure  is  justified 
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for  relatively  simple  atoms.  The  A's  may  be  calculated  from  the 
/'s  by  the  relation: 

Ann'   «  —fn'nV^'  (3) 

For  the  hydrogenic  atoms,  C  IV,  N  V,  and  O  VI,  the  radial 
quantum  integrals,  c<r*,  as  derived  by  Condon  and  Shortley  (1935) 
were  utilized.  The  relevant  transitions  are  those  between  levels 
of  high  orbital  quantum  number  so  that  the  assumption  of  hydro- 
genic wave  functions  is  justified. 

For  certain  complicated  spectra,  notably  Fe  II  and  Fe  III,  the 
assumption  of  Russell-Saunders  coupling  is  inapplicable,  except 
within  certain  multiplets,  so  that  the  methods  of  the  preceding 
paragraph  cannot  be  used.  The  only  procedure  available  was  the 
adoption  of  intensities  on  the  basis  of  laboratory  and  astrophysical 
determinations. 

For  all  spectra  where  laboratory-  intensities  were  available, 
theoretical  intensities  were  checked  hy  comparison  of  the  two. 
The  relation  published  by  Russell  (1925)  showed  that  the  squares 
of  the  laboratory  intensities  determined  by  A.  S.  King;  are  pro- 
portional to  the  true  intensities.  This  proportionality  was  j^eneral- 
ized  to  apply  to  all  laboratory  intensities,  and  was  found  to  be 
statistically  quite  accurate,  when  a  suitable  temperature  was 
adopted  in  formula  (1). 

The  detailed  method  of  obtaining;  the  theoretical  intensities  for 
cMcli  of  the  atomic  spectra  is  described  in  a  brief  parapjraph  pre- 
ceding the  corresponding  table  below.  These  methods  are  sum- 
marized in  Table  I;  the  fundamental  quantities  adopted  for  the 
calculation  are  listed  in  the  column  headed  ''Method." 

TABLE  I 


Method  Atomio  Spectra 

A  HI,HeI,  Hell 

7ub  N  II,  O  II,  Fe  II 

SJ  C  III,  N  IV,  O  III,  0  I V  ,  O  V,  Na  I,  Ca  11 

5,/, /lab  CII,  NIII 

ca«  C  IV,  N  V,  O  VI 

/kb  Fe  III 


For  each  atomic  spectrum  an  appropriate  temperature  was 
assumed,  ranging  from  10,000°  K  for  hydrogen  to  100,000°  K  for 
O  VI:  these  temperatures  are  given  in  the  descriptive  paragraphs. 
In  some  of  the  spectra  a  very  large  range  in  excitation  potential  is 
represented.    Those  lines  that  would  be  relatively  strengthened  at 

I 
I 
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higher  temperatures  (high  E.P.)  are  marked  in  the  tables  with 
double  daggers;  those  that  would  be  relatively  strengthened  at 
lower  temperatures  (low  E.P.),  with  daggers.  Because  of  the 
great  widths  assumed  for  the  lines  in  the  synthesized  spectra, 
multiplets  not  covering  a  great  range  in  wave-length  have  been 
summed  in  intensity  and  treated  as  a  single  line.  If  the  intensities 
of  the  individual  lines  are  desired,  they  can  be  calculated  from  the 
tabulations  of  the  strengths  of  lines  within  multiplets  as  given  by 
Russell  (1925).  The  headings  of  the  tables  are  self-explanatory; 
our  adopted  relative  intensity,  /,  is  given  in  the  last  column  of 
each.  The  strongest  line  (or  multiplet)  is  generally  taken  to  have 
an  intensity  100.  The  wave-lengths  for  multiplets  are  means 
weighted  according  to  the  intensities. 

Hydrogen  I — The  intensities  were  calculated  by  means  of  the 
formula : 

/  a  n^vAnn'  Bxp  (-  XnjkT),  (la) 

where  n'  and  n  are  tlie  respective  quantum  numbers  of  the  lower 
and  upper  states.  The  values  of  the  Einstein  probability  coeffi- 
rionts  Ann'  were  taken  from  Table  Ila  of  the  theoretical  discussion 
by  Menzel  and  Pekeris  (1935).  The  adopted  temperature  was 
15,000°  K.  Since  the  hydrogen  lines  clearly  do  not  attain  any 
great  intensity  in  the  spectra  of  supernovse  it  was  considered  un- 
necessary to  calculate  the  effect  of  the  Balmer  continuum,  either 
in  emission  or  in  absorption. 


TABLE  2 

Spectrum  op  Hydbogen 

X 

CombinatioQ 

I 

3798 

2»P*-10»Detc. 

4 

3835 

2ip°-  91/)  " 

6 

3889 

2»p°_  8*jD  " 

8 

3970 

2«P*-  VD  " 

13 

4102 

22p°_  G'D  " 

21 

4340 

41 

4861 

2iip°_  4J£)  «* 

100 

6563 

2»P°-  3«D  " 

362 

Helium  I — The  intensities  were  calculated  by  means  of  the 
formula : 

exp  (—  XnlkT).  (1) 
•  The  weights  t»  were  calculated  from  the  relation: 

T„  =  (2S  -I-  1)(2L  4-  1). 

The  values  of  Ann'  were  taken  from  the  calculations  by  Goldberg 
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(1939),  except  for  the  line  at  3187,  for  which  the  value  of  A«»> 
was  calculated  to  be  5.54  X  10*.  The  adopted  temperature 
was  15,000*^  K.  The  laboratory  intensities  are  taken  from  C.  E. 
Moore  (1933). 

TABLE  3 


Spkctrum  of  Hjslittm  I 


X 

Combinatian 

/ 

3188 

2'S  - 

4»P° 

8 

6 

3555 

^  1  — 

1.1 

1 

3587 

2»P»- 

9*D 

2,1 

2 

3634 

2»p>_ 

8»D 

2,1 

3 

3705 

2»p°_ 

7*D 

8,1 

4 

3820 

2»P°- 

6»D 

4.1 

7 

3889 

2'S  - 

3»P° 

10 

16 

3927 

8'Z> 

1 

1 

3965 

2»5  - 

4 

2 

4009 

7»D 

1 

1 

4026 

2»P'- 

5»D 

5,1 

14 

4144 

2ip°_ 

6^D 

2 

1 

4388 

2»P*»- 

5»D 

3 

3 

4472 

2»P°- 

4»D 

6,1 

32 

4922 

2ip°_ 

4»D 

4 

7 

5016 

2^S  - 

6 

5 

5876 

3*D 

10,1 

100 

6678 

2»P'- 

31/) 

6 

31 

Helium  II — The  intensities  were  calculated  as  for  hydrogen, 
the  values  of  Ann'  being  taken  from  Menzel  and  Pekeris  (1935). 
The  adopted  temperature  was  30,000°  K.  As  a  result  of  the 
difference  in  excitation,  the  lines  at  4686  and  3203  would  be  some- 
what intensified  at  lower  temperatures,  relative  to  those  of  the 
Pickering  series. 

TABLE  4 
Spectrum  of  Heuum  II 


X 

CombinatioD 

I 

3203 

3«Z)  -  5«P°  etc. 

33t 

4100 

4«F--12«Gf  " 

1 

4200 

4«F°-11*G  " 

1 

4339 

4»F'- 102(7  " 

1 

4542 

2 

4686 

3*D  -  ^F"  " 

loot 

4859 

4«P°-  8*G 

2 

5412 

4»P°-  THJf  " 

4 

6560 

7 

Carbon  II — The  analysis,  notation,  and  laboratory  intensities 
were  taken  from  Edl^n  (1933 — 1).   The  intensities  were  calculated 
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by  means  of  the  fonnula: 

/  cc  iTn'fp'exp  (-  XnlkT),  (4) 

/  being  the  oscillator  strength.  A  temperature  of  25,000°  K  was 
used.  Values  of  /  were  estimated  from  the  character  of  the 
Grotrian  diagram.  The  weight-s  7r„'  were  made  mutually  con- 
sistent within  the  primed  and  unprimed  systems  respectively. 
The  primed  system  arises  from  a  parent  configuration  ls^2s2p,  the 
unprimed  system,  from  a  parent  configuration  \s^2s^.  The  relative 
intensities  for  the  two  systems  were  adjusted  by  means  of  the 
laVioratory  intensities  of  all  the  lines  included  in  the  table,  on  the 
assumption  that  the  squares  of  the  laboratory  intensities  were 
pr<:>portional  to  the  true  intensities  of  the  lines.  The  table  contains 
summed  intensities  of  whole  multiplets,  the  relative  intensities  of 
which  were  deduced  by  means  of  the  tables  given  by  Goldberg 
(1935). 

TABLE  5 


Spectrum  of  Cabbon  II 


X 

Combination 

/ 

I 

3361 

2,3 

0.1 

18 

3585 

Zp'*D-4s'*P 

2,4,1,2,2,1 
6,8,7,6,1,1,1 

0.3 

23 

3877 

3d'*F''4f'*G 

1.2 

42 

3920 

3p»P  -4s»5 

10,9 

0.4 

74 

3949 

Sd'*F-4f'*F 

2,1,0 

1.2 

4 

3977 

2d'*D-4f'*D 

3,1 

1.2 

3 

4015 

2,1,0 

0.3 

3 

4075 

3d'*D-Af'*F 

7,5,6 

1.2 

24 

4267 

3(PD  -4PF 

20,19 

0.8 

100 

4290 

dd-D-4f''D 

1.1 

1.2 

1 

4318 

3p'*P-is'*P 

2,0,2,4,2 

0.3 

6 

4372 

3d'*P-4f'*D 

5,4,3,4 

1.2 

12 

4411 

WD-Af^F 

5,5 

1.2 

9 

4619 

Zd^F-if'^G 

5 

1.2 

10 

4730 

Zd'^F-Af'^F 

2,1 

1.2 

1 

4960 

Zp'^P-U'^P 

2,0,1 

1.0 

2 

5046 

Sef^D-Ap^P 

0.1 

0.5 

5 

5116 

Zd'*P-Af'*D 

2,2 

1.2 

3 

5140 

38'*P  -3p'«P 

3,2.0,1,2,5,3 

1.6 

35 

5337 

4p2P  -6««5 

0 

0.2 

3 

5536 

As'S  -5p^P 

1 

1.8 

15 

5650 

Z8'*P  -3p'*S 

2,3,4 

1.6 

9 

5890 

Zd'D  -Ap^P 

3,4 

0.6 

41 

6098 

3s'*P  -Sp^S 

0.8,2 

1.0 

4 

6115 

0 

1.6 

1 

6580 

9,10 

1.1 

63 

6780 

3«'«P  -3p'*D 

4,2,6,2,3.1,3,0 

1.6 

25 
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Carbon  HI — The  analysis,  notation,  and  laboratory  intensities 
were  taken  from  Ed\6n  (1933—1  and  1933—2).  The  intensities 
were  calculated  as  for  Carbon  II,  except  that  the  weights  for  the 
primed  system  (parent  configuration  ls^2p)  were  increased  by  a 
factor  of  3  relative  to  the  unprimed  system  (parent  configuration 
ls22s).  The  correctness  of  this  assumption  was  verified  by  means 
of  the  laboratory  intensities. 

A  temperature  of  40,000°  K  was  used.  The  lines  of  relatively 
high  excitation  potential  (strengthened  at  higher  temperatures) 
are  marked  in  the  table  by  double  daggers,  those  of  relatively  low 
excitation  potential,  with  daggers. 


TABLE  6 
Spbctrum  of  Cakbon  III 


X 

Combination 

/ 

/ 

3609 

4p'P 

5,4 

0.2 

5 

3704 

3p'iP 

-3(i"P 

2 

1.0 

3887 

4rf»D 

-5f*F 

2,3,4 

0.12 

4 

4000 

4d'>F 

-bf'*G? 

0 

0.12 

It 

4056 

4d}D 

-hpF 

5 

0.12 

1 

4069 

4/»F 

-5g»G 

9,10,10 

1.6 

62 

4122 

4p»P 

-or/ID 

3 

0.2 

1 

4187 

Af^F 

-og'G 

10 

1.6 

19 

4326 

-Zp'^D 

8 

L2 

6 

4362 

4/"(? 

-bg'^H? 

2 

1.6 

2t 

4368 

4f'*G 

-bg'*Hf 

4 

1.6 

6t 

4383 

Ad*D 

-5p»P 

0,1,2 

0.5 

12 

4516 

4p»P 

-bs*S 

4,3 

0.25 

3 

4594 

-bg'H)? 

2 

1.6 

4t 

4650 

20,19,18 

1.2 

loot 

4668 

3s'*P 

-3p'»P 

4,6,4 

1.2 

9 

5250 

Ad}D 

-5p»P 

0 

0.5 

2 

5255 

3.s'»P 

-Zp'*S 

0,1,2 

1.2 

2 

5696 

Zp^P 

8 

1.0 

25t 

5872 

3p"D 

-3d"P 

1.0 

0 

6738 

3«'»P 

-3p'»D 

1.2 

4 

Carbon  IV — The  analj^sis  and  notation  are  those  of  £di4n 
(1933 — 2).    The  quantity  ca^  is  equal  to 

(4Z2  -  l)-'^J%R{nl)Rin'l  -  l)dr^, 

the  radial  quantum  integral  in  atomic  units  (Condon  and  Shortley, 
1935).  Values  of  the  radial  quantum  integrals  for  transitions  not 
included  by  Condon  and  Shortley  were  extrapolated  graphically 
by  the  writers;  such  values  are  given  to  two  decimal  places  only, 
in  the  thiid  column  of  the  table. 


1 
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The  intensities  were  calculated  by  means  of  the  formula: 

/  cc  (cO^^exp  (-  xJkT).  (5) 

A  temperature  of  100,000°  K  was  used.  The  lines  at  X5805,  which 
are  nearly  twenty  volts  lower  in  excitation  than  the  other  lines,  are 
greatly  intensified  relatively  at  lower  temperatures. 

TABLE  7 


Spbctbuu  of  Carbon  IV 


X 

Combination 

locw* 

/ 

3934 

5S 

-6F 

0.951 

45 

4441 

5P 

-6D 

0.764 

18 

4646 

oD 

-6F 

0.62 

11 

4656 

5F 

-6G 

0.52 

8 

4659 

5G 

-&H 

0.28 

5 

4664 

5F 

-6D 

9.64 

1 

4685 

6G 

-8H 

9.84 

1 

4685 

-81 

9.71 

1 

4786 

5D 

-6P 

0.06 

3 

5017 

oP 

-6.S 

0.54 

7 

5805 

-3P 

1.034 

loot 

6592 

as 

-7P 

1.42 

14 

Niirngen  II — The  analysis,  notation,  and  laboratory  intensities 
are  taken  from  Edlen  (1933-1)  and  from  Freeman  (1929).  Within 
each  supermultiplet  the  intensities  of  multiplets  were  calculated 
with  the  aid  of  the  tables  given  by  Goldberg  (1935).  A  tempera- 
ture of  25,000°  K  was  used.  The  total  intensities  of  the  super- 
multiplets  were  adjusted  by  means  of  the  laboratory  intensities,  on 
the  assumption  that  the  squares  of  the  laboratory  intensities  are 
proportional  to  the  true  intensities. 

On  the  assumption  that  the  laboratory  temperature  also 
corresponds  to  25,000°  K,  the  above  calculations  lead  to  the 
following  values  of  /  for  various  transitions.   To  allow  for  the 

Singlets  and  Triplets  Quiniels 
Trmnntion  /  Truwition  / 

3»-3p  1.1  3»-3p  1.1 

3p-4»  0.2 

3p-3<i  1.0  3p-3d  1.0 

3d-4p  0.4 

2d-if  0.4 


change  in  the  parent  configuration  (18^28^2^  for  singlets  and 
triplets;  \s'^2s2p'  for  quintets)  the  weight  factors  were  multiplied 
by  three  for  the  quintets. 
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TABLE  8 


Spbctbum  or  Nitrogkn  II 


\ 

Combiiiation 

It  w 

'lab 

ouu< 

3p»P- 

-4aiP 

7 

1A 

oo«v 

3p»D- 

-4«»P 

oo 

3s»P- 

-Sp'.? 

D 

17 

3p»5- 

-483P 

7  9  1 

Q 
O 

oo40 

3p»P- 

-4s2P 

IS 

3p'P- 

-3(/»P 

a 

D 

17 

3«'P  - 

-3p'D 

1  n 

74 

woo 

3d»P- 

-4PG 

4 

7n 

3<PD- 

-4f^D 

1 
1 

1 

X 

'UJOl 

3J'D- 

-4/iF? 

1 

1 

7 
f 

W«  o 

3d»F- 

-4/»P 

9  9 

Q 
O 

3s»P- 

-3p»,S 

19  7 

Q 
O 

41  71 

3dW- 

-ApD 

n  n  1 

U,U,i 

9 

3p'D- 

-4siP 

o 
O 

7 

-4PF 

17 
If 

3d»P- 

-4/»D 

9  n  A  9  9 

in 

3piP- 

-3fi'D 

in 

OQ 

«o 

44  A 

Zd\F- 

1 

X 

44Q(v 

Zp*D- 

-3<1»P 

1  n  9  n  7 

O 

400U 

Sd'F- 

-4/iG? 

O 

A 

4A1  rt 
401U 

3d^P- 

-iPD 

n 
U 

7 
o 

3s*P- 

-3p»P 

8 7  fi  7  ins 

yw 

3p»D- 

-3d»D 

1  n  A 1  n  9 

4 

4700 

3p»Z)- 

-3(i»D 

9  4  9  ^  9  ft  9 

on 

4fiAn 

3p»D- 

-3d»P 

9 

n 

OUUU 

3p»5- 

-3<i»P 

4  7  7 

ouuo 

3.s*P  - 

-3//P 

9  7  0^1  99 

14 

ouio 

3p3D- 

-3^PP 

7  8  =i  ^  fi  n 

inn 

OUoU 

3a3P  - 

-3p»»S 

9  fi  H 

94 

3p»5- 

-4«»P 

9 

1 

X 

M  77 

Sp'-P- 

-3rf*D 

0  9  9  1111 

V 

f^l  OA 

-3d»P 

1  9  7  9 

1ft 
xo 

OoW 

3p»P- 

-3<ffP 

7  9  14 

o 
o 

K477 

3<i^D- 

-4p'D 

Q 

o 

c^4Qn 

3p3P- 

-M^P 

9  9  7  9  7 

1 1 

XX 

Dooo 

3«*P  - 

-3p»I> 

9  4  r-  1  'J  Q  Q  no  n 

17 

X 1 

ooso 

3«»P- 

-3p»D 

ft  A  in  A  A  9 

Ow 

no-io 
i>y4u 

3p»P- 

A  7  9  ft  9  n 

9A 

6168 

3d^P- 

-4pi6' 

4 

2 

ill 

8170 

3<I»P- 

-4p»D 

/I  1  o 

4,1,3 

OO 

6243 

3<PP- 

-4p'D 

5 

11 

6284 

3p»Z)- 

-3<i>P 

3 

1 

6347 

3<i»Z)- 

-4p»P 

1,4,1,3 

16 

6482 

3«»P- 

-3p»P 

8 

11 

6520 

-4p»Z) 

0,1,0,0,2 

5 

6566 

3d}P- 

-4p»D 

0 

6611 

Zp'D- 

-3d»P 

6 

9 

6630 

3d'D- 

-4p'P 

2 

5 

6870 

3p»5- 

-3<i»P 

2,1,1 

1 
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Nitrogen  III — The  analysis  and  notation  arc  those  of  Edien 
(1933 — 1).  The  laboratory  intensities  for  the  doublet  system  were 
taken  from  Edlen  (1933 — 1);  those  for  the  quartet  system,  from 
Freeman  (1928).  All  of  the  intensities  were  derived  theoretically 
by  the  method  used  for  Carbon  II,  except  for  the  supermultiplet 
2^2p3p'  —  2s2pZd',  for  which  the  assumed  value  /  =  1.0  was 
adjusted  to  /  =  1.2  by  means  of  the  laboratory  intensities.  The 
weights  for  the  primed  transitions  (parent  configuration  ls'^2s2p) 
were  increased  by  a  factor  of  three  as  compared  to  the  weights  for 
the  imprimed  transitions  (parent  configuration  l«^2s2).  A  tem- 
perature of  40,000°  K  was  used.  The  lines  at  4638  and  4100 
would  be  relatively  strengthened  at  lower  temperatures  because 
thdr  excitation  potential  is  about  ten  volts  lower  than  those  of 
the  other  lines. 

TABLE  9 


Spectbum  of  Nitboqbn  III 


X 

CambiaatioB 

'lab 

/ 

/ 

3350 

3«'*F  -Zp'^S 

2,1 

1.0 

5 

3360 

4,4,1,2,3,7,6 

1.0 

58 

3750 

3a'*P  -3p'*5 

W 

1.0 

15 

3792 

1 

1.2 

1 

3938 

3,4,1 

1.2 

18 

4001 

4(r-D  -oPF 

3,4 

0.1 

2 

4100 

3«2.S  -3p2P 

9,10 

0.8 

84t 

4205 

3,6,5 

1.0 

21 

4335 

3p'*D-3d'*D 

2,5,3,4,2,2,3,2,1 

1.2 

10 

4379 

10 

2.2 

38 

4525 

3a'*P  -Zp'^D 

6,7,3,4,1,3,0 

1.0 

52 

4536 

3p'*S-3d'*P 

3,2,0 

1.2 

10 

4545 

4p*P  -bs'S 

0 

0.1 

1 

4638 

3p»P  -Z<PD 

7,10,9 

1.0 

loot 

4865 

dp'*D-3d'*F 

0,1,0,2,5,4,3,2 

1.2 

43 

5290 

3p'*P-3d'*P 

2,1,1,00,1,1,1 

1.2 

5 

6466 

3p^P-3d'*D 

0,2,00,4,2,3,2,2 

1.2 

0 

Nitrogen  IV — The  analysis  and  notation  are  taken  from  Edl^n 
(1933 — 1  and  1933 — ^2).  All  intensities  were  derived  theoretically 
by  the  method  used  for  Carbon  II.  The  weights  for  the  primed 
transitions  (parent  configuration  ls^2p)  were  increased  by  a  factor 

of  three  relative  to  those  for  the  unprimed  transitions  (parent 
configuration  ls'^2s).  The  adopted  temperature  was  100,000°  K. 
.\t  lower  temperatures  the  lines  at  XX3480,  4058  and  6383  would  be 
relatively'  intensified  because  their  excitation  potentials  are  some 
ten  volts  lower  than  the  average  level. 


12     FRED  L.  WHIPPLE  AND  CECILIA  PAYNE-GAPOSCHKIN 


TABLE  10 
Sfbctrum  of  Nitboqbn  IV 


X 

Combination 

/ 

/ 

o4DO 

OS  *r  —6p*r 

1  o 
1.2 

o 

d 

OAQf\ 

o4oU 

On^c       o«a  z> 
OS'o    —  6p*r 

lUOT 

oTUU 

o—ttn    9  J  AH 

1  A 

1 

3748 

1.2 

12 

4058 

Sp^P  —3d}D 

1.0 

37t 

4178 

Sp'^S  -Sd^P 

1.0 

11 

4505 

Ss'^P  -3p'\S 

1.2 

0 

4743 

3/}'='D-3(/"D 

1.0 

6 

5073 

3p''D-M"P 

1.0 

0 

5240 

Zs^P  -Sp^D 

1.2 

1 

5734 

3p"P-3rf'»D 

1.0 

4 

5830 

3p'»P-3<i'»P 

1.0 

3 

6383 

38^S  -3p»P 

1.2 

5t 

Nitrogen  V — The  analysis  and  notation  are  taken  from  Edl^n 
(1933 — 1  and  1933 — 2).  The  calculations  were  made  exactly  as  for 
Carbon  IV.    The  line  at  X4609  (ZS  —  3P)  has  an  excitation  more 

than  thirty  volts  lower  than  those  of  the  other  lines,  and  would  be 
intensified  at  temperatures  lower  than  tiie  assumed  value  of 
100,000°  K. 

TABLE  11 
Spbctbum  of  Nitrogkn  V 


X 

Combination 

logCff* 

/ 

3161 

5P-6^ 

0.54 

04 

4335 

-7P 

1.42 

100 

4609 

•SS  -3P 

1.034 

1240t 

4751 

6P-7D 

0.80 

20 

4933 

&D-7F 

0.90 

18 

4943 

6F-7G 

0.54 

8 

4945 

6G-7H 

0.45 

6 

4945 

&H-7I 

0.11 

3 

4952 

6F-7D 

0.28 

4 

5067 

QD-7P 

0.62 

8 

5273 

QP-7S 

0.92 

15 

6719 

7S-SP 

1.72 

29 

Oxygen  II — The  analysis,  notation,  and  intensities  were  taken 
from  Edlen  (1933 — 1  and  1935)  when  possible.  For  other  lines, 
not  specifically  tabulated  by  Edl6n,  the  intensities  were  taken  from 
Fowler  (1926).  Relative  intensities  of  multiplets  within  the  three 
transition  arrays  3s  —  3p;  3p  —  3d;  and  3d  —  4/  were  calculated 
with  the  aid  of  Goldberg's  tables,  as  was  done  for  Nitrogen  II. 
The  relative  intensities  of  the  transition  arrays  were  adjusted  by 
means  of  the  laboratory  intensities.    A  temperature  of  30,000°  K 
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was  adopted.  The  total  range  in  level  bet  worn  the  lines  of  low  and 
liigh  excitation  i.s  about  eight  volts.  The  intensities  marked  with 
colons  were  deduced  from  the  laboratory  intensities  alone. 


TABLE  12 
Spectrcm  op  Oxtqbn  n 


X 

Combination 

/ 

OA 

tn 

^nifi^  —  4«ir> 

op  r   —  is^u 

7  7 

1& 
lo 

'\'n*P°  —  4«<P 

7  O  ^  4  ^  fi  fi 

41 

'\rfiR°  —  "Wsp 

7  » 
f  ,o 

no 
«o 

o^iino  4«2n 

op  A/   ~  IS^U 

7  A 

11 

AO 

7  &  Q 

ooT 

0 

37sn 

B 
o 

Ot>SP°  4oJP 

ojrr   —  'is  I 

K  A  A 

11 

op  Lf    —  O'Z 

'•1  '-l      "J      4  9  1  4  7 
0,0,0,<},0,4,Z,  1,4,/ 

91 
«1 

^Ti*r)°  —  "iz/ip 

19  19  14 

1 
1 

oljn   ^^p° 

OVrU        op  L 

1  n  9  « 

1A 
lO 

OVf  1 

OrJr       op  r 

7  in  f\ 

97  f 

Of  J 

ou  r      Ty  zy 

1 
1 

nt 

ATiAA 

•XPr    "~  'tj  r 

1 

Ctrr    ~  fly  r 

1+ 

4nfii 

9« 
O. 

OpU   —  Oil  V 

4Afi  in4'-i  i^rtn 

inn 
lUU 

o(i  r    —  o 

J. 

ou  r    — ^  u 

n  ft  ft  'i  7 

1 A 
ID 

OOrF  -~9j^iJ 

1 

U 

41  in 

Aft 

1  1 

1 

414** 

'Xn*  P"  —  ^4  P 
op  I     —  oO  1 

4  9  «  n  7  1  4 

1A 
lO 

41 44 

op  z  — oci  xy 

4.  ft  9  1  n  1  n 

0. 

41 S7 

op  r  otnj 

fi  in 

91 

4194 

3p»D°-3d»P 

2,00,1 

2 

4253 

3<«?  -4/»/f° 

4,4 

3t 

4280 

3d«/)  -^r* 

1,0,2,1,1,3,0,4 

10 

4300 

3<i«P  -4fi>- 

1,0,4.3,1,0 

6 

4314 

3(PF  -^pF° 

0.0 

1 

4324 

1.2 

2 

4333 

3cW?  -4f*(7° 

0 

OJ 

4330 

3,0,0,2 

6 

4336 

Zs*P  -3p*P*' 

8,8,3,6,7,8,7 

68t 

4341 

3<j«^  -4/«C?'' 

3,1 

6 

4344 

l.l 

U 

4349 

3a»Z>  -3p«D'* 

5,6 
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TABLE  12— CorUinued 


• 

X 

Combination 

/lab 

/ 

4350 

3d*D 

-4f*D° 

1.1.0 

1 

4378 

0.0 

It 

4390 

Sp'D" 

1471 

6 

w 

4425 

3s«P 

-3p«Z)° 

8.10.6 

45t 

4446 

3p*F° 

-3(i2F 

5,6 

5 

4465 

-3p'«P 

4.4.1.4.1 

10: 

4488 

3^P 

-4/^D° 

20 

It 

4490 

3d»P 

-APD° 

32 

3 

4592 

3s»Z) 

-3p^F° 

98 

24 

4608 

3d>D 

0  5  1 

4 

4650 
4678 

3«<P 

-3p*D° 

6.9.10.6.9 
4  8.2 

92t 

4698 

3p»P° 

0120 

3 

4700 

1.7.3 

7 

4708 

—  4pU 

0 

0 

4710 

8,6,2 

26 

4843 

-ApP°'{ 

0 

4868 

3>P' 

-Zd^D 

3,5 

2 

4910 

-Zd*P 

4,5,6 

11 

4945 

3p«P* 

-3d«D 

5,7,3 

11 

5185 

3p«P° 

-3<PP 

4,2,3,5 

3 

6680 

3a«P 

4,5 

2t 

Oxygen  III — The  analysis  and  notation  are  from  Edl^n 
(1933—1).  The  intensities  are  from  Miss  Moore  (1933)  for  the 
lines  that  she  tabulates,  and  from  Edl^n  (1933 — 1)  for  other  lines. 
All  the  intensities  were  derived  theoretically  by  the  method  used 
for  Carbon  II.  The  weight  factors  for  transitions  of  parent  con- 
figuration l8*2s2p*  were  taken  to  be  three  times  those  for  l«^«'2p. 
Instead  of  the  factor  3,  a  factor  of  4.4  would  be  derived  by  com- 
parison with  the  laboratory  intensities.  Since  the  transitions  of 
l8^s>2p  are  of  lower  excitation  by  about  ten  volts,  the  discrepancy 
would  be  removed  by  the  adoption  of  a  temperature  of  46,000°  K, 
instead  of  the  temperature  of  40,000°  K  actually  used.  The 
theoretical  values  of  the  intensities  were  therefore  retained. 

Oxygen  IV — Analysis,  notation,  and  intensities  are.  taken  from 
Edl^n  (1933 — 1  and  1933 — 2) .  The  calculations  were  carried  out  as 
for  Carbon  II,  with  an  adopted  temperature  of  100,000°  K.  The 
value  of  /  was  1.0  for  all  lines  excepting;  X30G7,  for  which  a  value  of 
0.8  was  used,  and  X8S3(),  for  which  0.1  was  used.  The  statistical 
weights  for  transitions  of  parent  term  were  taken  to  be  three 
times  those  for  transitions  of  parent  term     and  ^S. 
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TABLE  13 
Spbgtbum  of  Oxtgsn  III 
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x.x 

xo 

op  L       out  u 
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1  n 

1  .u 

q 

OfJ   *                   Oi»  X 

4 

1  n 

X  ill 

13+ 

XO  I 

op    *^        Ot*  i 

2  4  2  A  2  2  1 

1  n 

17 
1  f 

Oo    1           op  I 

1 

1  1 

X .  X 

4. 

op  t        Oil  Ly 

1  n  no  9  1  1 

1  n 
x.u 

9 
O 

37nn 

Of  uw 

Oo    *           op  Lf 

^    4  ^  ^  9 

1  1 

1.1 

lO 

37ns 

op  X         oc*  Ay 

^  fi  fi 

1  n 

x.u 

oo  1 

3729 

1,1,0 

1.0 

6 

O/OU 

►r  c  o  A  R  O 

i.i 

oOT 

3962 

8 

1.1 

20t 

4077 

Zs'*P  -3p'*D° 

1.0 

1.1 

6 

4450 

3p"5°  -3d"P 

1,0 

1.0 

2 

4555 

3p'»P'-3d'»P 

0 

1.0 

1 

5268 

3pi5  -Zd^P" 

2 

1.0 

2t 

5592 

3«»P'  -3p^P 

6 

1.1 

6t 

TABLE  14 
Spectrum  op  Oxygen  IV 


X 

Combination 

/ 

3042 

Ss'^P  -3p'VS' 

1,0 

3 

3067 

5,6 

56t 

3190 

3p'*D-3d"D 

6 

8350 

0,3,2 

7 

3360 

Zp'*S-3d'*P 

0,1,2 

7 

3386 

3»'*P  -8p'«2> 

4.5,2,2 

19t 

3411 

3p«P  -Z(PD 

4,5,1 

loot 

3491 

3s'^P  -Sp'^D 

1.0 

5J 

3512 

Zp'^S  -Sd'^P 

3 

3562 

1.2 

11 

3730 

Zp'*D-3d'*F 

3,3,4 

25 

3836 

6<PD  -6PF 

It 

3840 

3p'*P-3d'*D 

It 

3982 

Zp'*P-3d'*P 

0,1 

3 

4262 

Zp'^D-Zd'^F 

It 

4472 

ip'^P-Ad'^P 

0 

4570 

bpF  -Qd^D 

ut 

4791 

Zp'*P-Zd'*D 

2,3 

6 

5334 

Zp'*D-Zd'*D 

1 

5440 

4p'*P-4d'*D 

U 
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Oxygen  Y — Analysis  and  notation  are  taken  from  Edl^n  (1933 — 1 
and  1933 — 2).  The  calculations  were  carried  out  as  for  Carbon  II, 
with  an  adopted  temperature  of  100,000°  K.  The  statistical 
weights  for  the  transitions  arising  from  primed  terms  were  taken 
to  be  three  times  those  for  transitions  from  unprimed  terms. 


TABLE  15 
Spsctbum  of  Oxygen  V 


X 

Combination 

f 

/ 

3059 

3«'»P  - 

-3p'»D 

1.2 

34 

3276 

3«'»P  - 

-3p"5 

1.2 

20 

3732 

1.0 

19 

4124 

3s"P  - 

-3p"D 

1.2 

55 

4147 

3p'»5  - 

-3<i'»P 

1.0 

17 

4522 

Zp'^D- 

-3d'»P 

1.0 

0 

4554 

3p'»P- 

1.0 

12 

5114 

3.s».*?  - 

1.2 

23t 

5450 

3p''P- 

-W^P 

1.0 

6 

5500 

3p»P  - 

-3d>D 

1.0 

loot 

6329 

3p"D- 

-Zd'^F 

1.0 

6 

6800 

Sp'^P- 

-3d'*D 

1.0 

9 

Oxygen  VI — Notation  and  analysis  are  from  Edlen  (1933 — 1 
and  1933 — 2).  The  calculations  were  carried  out  exactly  as  for 
Carbon  IV.  All  the  values  of  ca'^,  except  for  the  transition  3s  —  3p, 
are  extrapolated  values.   The  adopted  temperature  was  100,000°  K. 


TABLE  16 
Spbctbum  of  Oxtgbn  VI 


X 

Combiiuitioo 

10gM< 

/ 

3314 

6P-7D 

0.89 

100 

3426 

6D-7F 

0.90 

89 

3433 

6F-7C 

0.54 

39 

3434 

0.45 

31 

3434 

6H-7I 

0.11 

14 

3438 

&F-7D 

0.28 

21 

3509 

6D-7P 

0.62 

43 

3622 

6P-7S 

0.92 

75 

3819 

3S  -3P 

1.034 

11,600 

4751 

7S-SP 

1.72 

94 

5112 

7P-SD 

1.08 

16 

5279 

72) -SF 

1.20 

18 

5289 

7F-8G 

0.84 

8 

5291 

70 -SH 

0.24 

2 

5291 

7H-SI 

0.31 

2 

5291 

7/  -8A' 

0.19 

2 

5298 

7F  -8D 

0.70 

6 

5410 

7D-SP 

0.99 

10 

5602 

7P-SS 

1.17 

14 
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The  lines  corresponding  to  the  transition  3»S  —  3P  have  an  excita- 
tion potential  forty-eiglit  volts  lower  than  the  other  lines;  at  a 
temperature  of  500,000°  K  they  should  still  be  seven  times  as 
strong  as  the  next  strongest  lines. 

Sodium  I — The  only  lines  of  Xa  I  that  need  to  be  considered  are 
the  D  lines,  which  are  so  close  together  in  wave-length  that  they 
were  treated  as  one  line  with  an  arbitrary  intensity  in  the  final 
synthesis. 

TABLE  17 


Adjubxiodit  of  Intbnsitibs  within  Mui/nPLBTS  ov  Ibon  II 


X 

Combination 
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Calcium  II — The  H  and  K  lines  are  the  only  important  lines 
of  Ca  II;  the  intensity  of  K  was  adopted  as  twice  that  of  H. 

Iron  II — The  spectrum  of  ionized  iron  is  not  susceptible  of  the 
type  of  treatment  that  has  been  used  for  the  other  spectra.  Ac- 
cordingly the  adopted  intensities  were  based  on  the  laboratory 
intensities  given  by  Dobbie  (1938),  which  are  on  a  scale  from  0 
to  20.  For  multiplets  in  the  visual  region,  the  tables  given  by 
Russell  (1936)  were  used  to  calculate  the  theoretical  intensities  of 
individual  lines.  The  intensities  were  assumed  to  be  proportional 
to  the  strengths  (the  effects  of  frequency  and  excitation  level 
being  here  neglected).  For  intensities  up  to  and  including  8  on 
Bobbie's  scale,  the  square  of  the  laboratory  intensity  was  found  to 
be  very  nearly  proportional  to  the  strength.  However,  for  stronger 
lines,  the  intensities  thus  deduced  from  Bobbie's  values  fall  below 
the  theoretical  strengths.  The  relevant  data  are  given  in  Table  1 7, 
where  the  scale  was  established  by  means  of  the  laboratory 
intensities  for  lines  of  intensity  8  and  less,  and  the  values  for  the 
stronger  lines  were  deduced  from  the  theory.  For  the  shorter 
wave-lengths  the  corresponding  calculation  was  not  made,  but 
probably  no  appreciable  errors  are  introduced  from  this  cause  for 
wave-lengths  greater  than  X3300.    Table  18  contains  the  adopted 


TABLE  18 

Groufbd  Intbnbitixs  for  Sfbctbum  of  Ibon  II 
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4176 
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intensities  obtained  by  summing  the  squares  of  the  Dobbie  in- 
tensities (corrected  as  above  in  the  visual  region)  throughout 
small,  arbitrarily  chosen,  intervals  of  wave-length. 

Mechanical  Procedure 

Most  of  the  available  information  on  the  spectra  of  supernovse 
is  contained  in  the  paper  by  Minkowski  (1939).  He  reproduces 
microphotometer  tracings  made  from  unwidened  spectra,  which 
have  been  taken  with  several  different  spectrographs  and  on 
various  emulsions.  Because  of  the  nature  of  the  microphotograms, 
it  is  not  possible  for  us  to  reduce  them  even  to  a  relative  scale  of 
intensities.  Because,  moreover,  the  effects  of  prismatic  dispersion 
and  plate  sensitivity  distort  the  original  intensity  distribution 
enormously,  no  direct  comparison  between  theory  and  observation 
is  possible.  The  most  satisfactory  alternative  was  for  us  to  reduce 
the  theoretical  intensity  distributions  to  approximately  the  system 
of  the  tracings,  by  including  as  well  as  possible  the  effects  of  dis- 
persion and  sensitivity,  but  neglecting  the  very  complicated  effects 
of  the  characteristic  curves,  exposure  times,  and  spectrum  widths. 
The  combination  of  spectrograph  and  emulsion  most  frequently 
used  by  Minkowski  was  spectrograph  (called  "e"  when  used 
with  the  100-inch  reflector)  with  Agfa  Supersensitive  Panchro- 
matic film.  He  reproduces  in  his  paper  microphotometer  tracings 
of  four  spectra  of  f  Aquilae,  spectral  type  B9n,  with  known  relative 
intensities.  From  these  tracings  a  mean  characteristic  curve  was 
deduced.  On  the  assumption  that  the  star  radiates  like  a  black 
body  with  a  temperature  of  12,000**  K,  we  then  calculated  values 
of  the  product  of  relative  sensitivity,  transmission,  and  dispersion 
(angstroms  per  millimeter)  over  the  wave-length  range  from 
X3800  to  X68()0.  Numerical  values  of  this  product  divided  by 
wave-length  are  given  in  Table  19.  Entries  corresponding  to 
wave-lengths  between  X3800  and  X3000  were  made  by  extrapolating 
the  observed  values  by  a  smooth  curve  that  reached  zero  at  X3000. 

In  order  to  carry  out  our  theoretical  synthesis  from  the  relative 
intensities  derived  in  the  previous  section  it  is  necessary  to  assume 
a  form  for  the  emission  line  profiles.  The  observational  material 
for  the  spectra  of  supernovae  shows  only  that  the  bright  lines  are 
very  broad;  a  rough  upper  limit  for  the  breadth  can  be  inferred 
from  the  steepness  of  the  sides  of  some  of  the  features  in  the  yellow 
and  orange  regions  of  the  spectrum.    Little  indication  of  the 


20     FRED  L.  WHIPPLE  AND  CECILIA  PAYNE-GAPOSCHKIN 


TABLE  19 

AdOFTBD  COBBBCnON  FOB  SxiTOmVITT  AND  DiSPBBSION 
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0.41 

6400 
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0.44 
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5300 
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4100  • 

0.85 

5400 

0.61 

6700 

0.34 

4200 

0.95 

5500 

0.73 

6800 

0.00 

degree  of  symmetry  can  be  obtained  from  the  observations,  but 
steep  sides  and  rounded  tops  are  suggested.  The  most  convenient 
form  that  is  consistent  with  the  observations  is  a  parabola  with  the 
major  axis  vertical  and  the  vertex  upward.  A  parabolic  profile  is 
not  inconsistent  with  the  idea  that  an  expansion  is  one  of  the 
causes  of  the  brightening  of  a  supernova,  the  breadth  of  the  lines 
being  caused  by  a  Doppler  effect.   Although  the  elementary  theory 
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of  ejection,  as  formulated  for  a  Wolf-Rayet  star  by  Beals  (1930), 
leads  to  a  flat-topped  profile,  the  more  refined  discussion  by 
Chandrasekhar  (1934),  which  takes  account  of  acceleration,  allows 
in  one  case  for  a  profile  that  is  nearly  symmetrical  and  not  very  far 
from  parabolic.  For  ordinary  novse,  the  variety  of  profiles  repre- 
sented observationally  is  tremendous,  and  it  would  be  impossible 
to  select  a  single  one  as  typical,  although  a  parabola  would  be  a 
fair  average.  In  conformity  with  the  evidence  assembled  by 
Whipple  (1939)  we  have  adopted  a  velocity  of  expansion  of 
6000  km/sec,  so  that  the  bases  of  the  parabolas  correspond  to  a 
range  in  velocity  of  12,000  km/sec.  The  same  velocity  has  been 
used  for  all  the  predictions,  although  there  are  some  indications 
that  the  velocities  may  decrease  in  the  late  stages. 

The  individual  integrated  spectra  are  shown  in  Figs,  la  to  Id. 
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The  intensities  taken  from  tables  2  to  18  are  used  as  the  heights  of 
the  vertices  of  the  parabolas  in  the  summations.   The  bases  of 

the  parabolas  are  proportional  to  the  wave-lengths  of  the  centers 
and  are  reduced  to  the  prismatic  dispersion  scale.  This  method  of 
drawing  required  the  introduction  of  the  wave-length  as  a  reciprocal 
factor  in  the  calculation  of  the  correction  for  sensitivity  and 
dispersion  (Table  19)  to  be  applied  later.  The  effects  of  the 
corrections  for  sensitivity  and  dispersion  can  be  seen  from  the 
10,000°  continuum  reproduced  in  Fig.  3. 

Integrations  of  the  individual  atomic  spectra  as  well  as  their 
final  integration  into  composite  spectra  were  carried  out  by 
simple  summation  at  intervals  of  wave-length  small  enough  to 
provide  the  necessary  resolving  power.  The  atomic  spectra  were 
integrated  graphicalh^,  and  the  corresponding  ordinates  were  read 
of!  and  recorded  on  strips  of  paper.  Subsequent  integrations  and 
calculations  were  made  from  these  strips  numerically.  An  example 
of  the  graphical  integration  may  be  seen  in  Fig.  la  for  the  two 
lines  of  ionized  calcium. 

The  Synthesized  Spectra 

The  atomic  spectra  were  assembled  into  five  groups  in  order 
of  increasing  ionization  and  excitation.  The  composition  of  these 
basic  spectra,  which  we  have  designated  A,  B,  C,  D,  and  E,  is 
shown  in  the  first  six  columns  of  Table  20.    The  tabular  entries 


TABLE  20 

Atomic  Composition  of  the  Synthetic  Spectra 
Percentage  of  Energy  from  X3800  to  X6800 


A 

B 

c 

D 

E 

n 

lla 

lib 

Ilia 

Illb 

nic 

IVa 

IVb 

H  I 

4.9 

6.9 

5.9 

4.7 

3.9 

3.6 

2.4 

1.6 

He  I 

7.4 

15.6 

11.5 

9.2 

7.7 

7.8 

5.3 

3.6 

Hell 

9.6 

16.9 

4.8 

7.2 

9.5 

12.0 

13.6 

15.2 

8.4 

5.6 

Nal 

2.2 

1.1 

0.9 

0.6 

0.2 

0.1 

Call 

10.7 

5.4 

4.3 

3.1 

1.0 

0.7 

CII 

18^ 

9.1 

7.3 

6.5 

8.3 

5.7 

4.2 

cm 

23.2 

4.6 

8.3 

10.5 

14.5 

17.8 

11.6 

7.7 

CIV 

68.0 

17.0 

22.7 

NU 

24.3 

12.1 

9.7 

8.7 

11.0 

7.6 

5.6 

Nni 

57.2 

11.4 

20.3 

26.1 

35.8 

44.1 

28.6 

19.0 

N  IV 

24.0 

6.0 

8.0 

N  V 

18.0 

4.5 

6.0 

0  II 

8.6 

4.3 

3.4 

3.1 

3.9 

2.7 

2.0 

OIII 

2.7 

0.6 

1.0 

1.2 

1.7 

2.1 

1.4 

0.9 

OIV 

8.0 

2.0 

2.7 

0  V 

62.0 

15.5 

20.7 

OVI 

20.0 

5.0 

6.7 

Fell 

74.8 

37.4 

30.0 

21.3 

6.8 

4.7 

Fe  III 

1G.8 

8.1 

0.7 

6.0 

7.6 

5.2 

:^s 

9qjd 

100 

ICO 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 
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show  the  percentage  of  energy  contributed  to  each  of  the  basic 
spectra  by  the  atomic  spectra  shown  in  the  first  column.  The 
energy  is  summed  for  the  wave-length  interval  X3800  to  X6800,  and 
is  not  corrected  for  the  sensitivity  factor  of  the  emulsion;  the 
tabular  entries  are  therefore  bolometric  energies.  The  percentages 
were  chosen  on  the  basis  of  the  observed  spectra  of  novse  and 
supernovse,  and  of  astrophysical  abundance.  These  composite 
atomic  spectra,  A,  B,  C,  D,  and  E,  uncorrected  for  dispersion  and 
sensitivity,  are  shown  in  Fig.  2. 
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Fio.  2.   Composite  atomic  spectra. 


With  each  one  of  the  spectra  A,  B,  and  C  we  associated  continua 
of  color  temperatures  10,000°  K,  16,000°  K,  and  28,000°  K,  re- 
spectively. In  Fig.  3  is  shown  the  continuum  for  10,000°  K  by 
itself,  and  also  combined  with  various  pro])ortions  of  spectrum  A, 
all  corrected  for  sensitivity  and  dispersion  by  the  factors  of 
Table  19.   The  corresponding  bolometric  energies  contributed  by 
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Fio.  3.  Observed  and  synthesised  supernova  spectra — early  stages. 


the  lines  and  the  continuum  are  shown  in  the  first  four  columns  of 
Table  21. 

TABLE  21 

Components  of  the  Synthetic  Spectra 


Percentage  of  Energy  from  X3800  to  X6800 


Com- 
ponento 

0.2  A  + 
10,000^ 

0.5  A  + 
10,000^ 

1.0  A  + 
10,000° 

II 

Ila 

lib 

Ilia 

Illb 

IIIc 

IVa 

IVb 

A 

10.2 

22.1 

36.1 

28.0 

33.9 

30.0 

10.5 

8.2 

B 

10.0 

12.0 

13.3 

18.8 

14.6 

13.6 

C 

3.4 

7.5 

10.6 

16.4 

25.6 

25.3 

19.4 

D 

14.9 

22.7 

E 

16.5 

24.9 

10,000° 

89.8 

77.9 

63.9 

49.6 

29.9 

19.8 

18.6 

14.5 

16,000° 

12.4 

1.5.0 

16.5 

23.3 

18.1 

16.9 

28,000° 

5.8 

12.9 

18.2 

28.2 

43.9 

43.3 

33.0 

Sum 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Sum  lines 
Somoont. 

10.2 
89.8 

22.1 
77.9 

36.1 
63.9 

38.0 
62.0 

49.3 
60.7 

50.8 
49.2 

39.9 
60.1 

39.2 
60.8 

39.2 
60.8 

56.7 
43.3 

67.0 
33.0 
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The  synthesized  spectra  II,  Ila,  and  lib  of  Fig.  4,  and  Ilia, 
Illb,  and  IIIc  of  Fig.  5  are  compounded  from  the  spectra  A,  B, 
and  C,  and  their  corresponding  continua,  and  represent  a  series  of 
spectra  with  increasing  excitation,  both  of  bright  lines  and  of 
continuous  background.    The  detailed  atomic  compositions  are 
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Via.  4.    Observed  and  synthesized  supernova  spectra — intermediate  stages. 

shown  in  Table  20,  columns  7  to  12,  inclusive,  and  the  proportions 
of  A,  B,  and  C,  and  of  bright  lines  to  continuum  are  shown  in 
Table  21,  columns  5  to  10,  inclusive. 

Spectra  IVa  and  IVb  of  Fig.  5  represent  still  higher  stages  of 
excitation,  being  composed  of  spectra  C,  D,  and  E,  and  the  con- 
tinuum corresponding  to  C.  Their  compositions  are  shown  in  the 
last  two  columns  of  Tables  20  and  21. 
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Fig.  5.    Observed  and  synthesized  supernova  spectra — later  stages. 
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Comparison  with  Observation 

For  purposes  of  comparison  with  the  synthetic  spectra,  some  of 
Minkowski's  microphotograms  are  reproduced  in  Figs.  3,  4,  and  5. 
The  identification  number  of  the  supernova  and  the  interval  in  days 
from  maximum  light  are  given  for  each  curve  in  the  figures.  The 
diagrams  in  Minkowski's  article  were  carefully  traced  on  trans- 
parent squared  paper,  the  curve  being  drawn  with  a  view  to 
eliminating  plate  grain,  but  preserving  the  essential  details.  The 
coordinates  of  the  curve  were  then  read  oflf,  and  the  curve  replotted 
on  the  standard  scale  adopted  for  the  synthetic  spectra,  which  was 
exactly  twice  the  average  scale  for  Minkowski's  reproductions  for 
spectrograpii  Most  of  the  synthetic  spectra  are  drawn  with 

a  larger  vertical  magnification  than  the  microphotograms,  because 
it  was  impossible  to  make  an  allowance  for  the  effect  of  the  charac- 
teristic curve  on  the  microphotograms. 

Intervals  of  9  and  10  days  after  maximum  light  for  the  super- 
nova? are  associated  in  Fig.  3  with  spectrum  A,  of  lowest  excitation. 
The  synthesized  spectra  are  extended  into  the  ultraviolet,  to  show" 
the  featureless  character  to  be  expected  in  this  region.  The  three 
predicted  spectra  in  Fig.  3  show  the  effect  of  varying  the  proportion 
of  energy  contributed  by  the  bright  lines  and  the  continuum,  and 
illustrate  the  workmanship  of  making  the  syntheses. 

The  spectra  labelled  "Nova  Herculis,"  in  an  early  stage  at 
the  top  of  Fig.  3  and  in  a  later  stage  at  the  top  of  Fig.  4,  were 
reproduced  from  the  measures  published  by  the  authors  (1937). 
The  measured  intensities  of  the  bright  lines  were  used;  the  lines 
were  widened  and  replotted  as  for  the  synthesized  spectra  and 
superimposed  on  the  original  continuum,  the  hydrogen  lines  being 
reduced  greatly  in  strength.  The  modified  spectra  of  Nova 
HercuUs  thus  demonstrate  the  marked  changes  produced  in  well 
known  spectra  by  a  broadening  of  the  emission  lines  and  a  reduction 
of  the  strength  of  the  hydrogen  lines.  The  state  of  excitation  of 
the  emission  lines  in  Nova  Herculis  had  increased  greatly  in  the 
interval  between  the  two  spectra  shown.  The  general  similarity 
between  these  spectra  and  some  of  the  supernova  spectra  supports 
the  authors'  premise  that  the  physical  conditions  are  somewhat 
similar  in  character,  differing  principally  in  velocity  of  ejection, 
and  that  the  state  of  excitation  in  the  luminous  atmospheres  of  the 
supernovse  increases  with  the  time. 

We  can  scarcely  expect  that  the  spectra  of  nova;  and  supernovse 
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will  be  identical  when  we  consider  the  pro])able  differences  in 
atomic  abundance  and  the  huge  difference  in  order  of  magnitude 
of  the  phenomena.  The  spectrum  of  Nova  Herculis  was  de- 
liberately chosen  for  the  comparison  because  it  was,  like  that  of 
Nova  Pictoris,  very  rich  in  ionized  iron  lines ;  in  the  spectrum  of 
Nova  Aquilse,  on  the  other  hand,  lines  of  this  element  were  in- 
conspicuous. 

In  Fig.  4,  the  synthesized  spectra  in  stage  II  are  associated 
with  supernova  spectra  from  14  to  29  days  after  maximum.  In  this 
and  subsequent  spectra  the  predicted  spectra  in  the  ultraviolet 
are  not  reproduced,  because  of  lack  of  observational  material  for 
the  supemovffi.  The  relative  intensities  of  the  lines  in  the  spectra 
adopted  for  the  synthesis  are  given  down  to  X3000  in  Tables  2 
to  18.  By  far  the  strongest  lines  in  the  ultraviolet  region  are 
those  of  ionized  iron,  and  the  contribution  made  by  these  lines 
to  the  predicted  spectra  is  shown  in  Figs,  la  and  3.  In  spectra 
II,  Ila,  and  lib  the  broken  line  represents  the  effect  of  reducing 
the  intensity  of  ionized  calcium  to  half  the  value  given  in  Table  20, 
and  also  of  including  the  forbidden  line  X5577  of  neutral  oxygen. 

Figure  5  compares  the  synthesized  spectra  in  stages  III  and  IV 
with  supernova  spectra  from  41  to  67,  and  from  117  to  225  days 
after  maximum.  The  broken  curves  in  the  predicted  spectra  show 
the  effect  of  adding  the  forbidden  lines  X43G3  of  O  III,  X4958  and 
X5007  of  0  III,  and  X5577  of  O  I.  The  predicted  spectra  of 
highest  excitation  (I lie,  IVa,  and  IVb)  do  not  agree  satisfactorily 
with  the  observed  spectra,  and  show  the  limitations  on  our  method 
of  prediction  imposed  by  insufficient  knowledge  of  high-excitation 
spectra,  by  the  wide  range  of  possibilities,  and  also  by  the  unknown 
effects  of  the  dilution  of  the  primary  radiation. 

General  Discussion 

The  red  shift  in  the  blue  regions  of  the  spectrum  can  be  seen 
in  Figs.  3,  4,  and  5  for  both  the  observed  and  predicted  spectra. 
It  appears  to  be  a  chance  phenomenon  arising  from  the  effect  of 
a  progressively  increasing  excitation  upon  the  bright-line  spectra 
involved.  An  additional  source  of  a  small  red  shift  is  illustrated 
in  Fig.  6  for  the  broadened  lines  H(3  and  Ni  -f  A^2,  separately. 
For  most  photographic  emulsions  there  is  a  rapid  decrease  in 
sensitivity  with  increasing  wave-length  in  the  blue-green  regions. 
The  eflfect  of  increasing  line  intensity  with  respect  to  the  con- 
tinuum, or  of  decreasing  continuum  with  respect  to  the  line 
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intensity,  will  be  to  produce  a  spurious  red  shift  for  lines  in  this 
region  of  the  spectrum.  The  second  alternative  is  illustrated  in 
the  figure.    Where  the  sensitivity  gradient  with  wave-length  or 
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FiQ.  6.    Spurious  red  shift  produced  by  changes  in  relative  intensity 

of  background  and  lines. 

the  relative  change  in  intensity  are  reversed,  a  blue  shift  will 
result.  No  marked  example  of  the  conditions  necessary  to  produce 
an  appreciable  blue  shift  is  presented  by  the  supernova  spectrum. 
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In  a  recent  note  the  authors  (1940)  have  discussed  the  general 
problem  of  identifying  the  observed  features  in  the  spectra  of 

supemovae.  It  is  unnecessary  to  repeat  the  detailed  arguments. 
The  present  paper  contains  the  fundamental  material  upon  which 
the  discussion  is  based.  The  conclusions,  in  addition  to  those 
already  drawn  above,  may  now  be  briefly  summarized. 

Near  maximum  light  the  spectrum  of  a  supernova  consists 
chiefly  of  a  low- temperature  (10,000°  K  dr)  continuum,  upon  which 
are  superimposed  widened  emission  lines  of  common  elements  in 
states  of  relatively  low  excitation.  Probably  molecular  absorption 
bands  are  also  present  in  the  early  stages,  cyanogen  absorption 
near  X3800  and  possibly  titanium  oxide  absorption  near  X6140. 

With  the  progress  of  time,  the  state  of  excitation  increases, 
together  with  the  temperature  of  the  continuum,  while  the  in- 
tensity of  the  continuum  diminishes,  in  the  visual  and  photographic 
regions. 

The  narrow  metastable  lines  of  neutral  oxygen  at  X6300  and 
X6363  that  are  observed  in  the  later  stages  are  ascribed  to  an  inter- 
stellar source  in  the  neighborhood  of  the  supernova,  excited  by  the 
pulse  of  high-intensity  energy  emitted  near  maximum  light.  Their 
low  excitation  at  such  a  late  stage,  and  their  narrowness,  are 
thus  explained. 

The  evidence  concerning  the  occurrence  of  other  forbidden  lines 
is  not  very  conclusive,  chiefly  because  it  is  difficult  to  predict 
their  intensities,  relative  both  to  each  other  and  to  the  permitted 
lines.  This  difficulty  is  particularly  marked  for  Fe  II  and  Fe  III. 
Probably  the  inclusion  of  the  [O  III]  lines  improves  the  agreement 
slightly.  There  is  no  evidence  for  the  occurrence  of  [N  II]  or 
of  [O II]. 

The  peculiar  relative  abundance  of  various  atoms  in  the 
atmospheres  of  supemovse,  notably  the  paucity  of  hydrogen  and 
quantity  of  iron,  that  is  required  by  our  synthesis  presents  a 
problem  of  great  interest. 

The  authors  are  especially  indebted  to  Dr.  Leo  Goldberg  for 
advice  with  regard  to  the  theory  of  line  intensities,  and  to  Drs.  B. 
Edl6n  and  P.  Swings  for  use  of  their  unpublished  data  on  Fe  III. 
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PRODUCTION  OF  SECONDARY  ELECTRONS  BY  ELECTRONS 
OF  ENERGY  BETWEEN  0.7  AND  2.6  MEV 


GEORGE  HORNBECK  AND  IRL  HOWELL 
Department  of  Physics,  University  of  North  Carolina 

Abstract 

The  production  of  secondary  electrons  in  the  gas  of  a  cloud  chamber,  by  electrons 

with  energ>-  from  0.67  to  2.6  MEV,  is  studied,  using  190  meters  of  track.  The  energies 
of  the  secondaries  are  obtained  by  measuring  their  ranges.  Thus  it  is  possible  to  obtain 
▼ahies  of  the  eroea  section  for  production  of  a  secondary  with  kinetic  energy  T,  greater 
than  some  chosen  value  To,  but  less  than  Tp/2,  wheio  Tp  is  tlio  primary  kinetic  energy. 
These  may  be  eompared  with  values  calculated  from  MoUer's  theory.  If  /?  is  the  ratio 
of  the  ol]«erved  and  calculated  cross-sections  (averaged  over  the  various  values  of 
primaiy  energy),  we  have: 

r,(EKV):  20  30  40 

R  1.18  db. 14  1.09  ±.16  0.84  ±.15 

Thus  the  results  are  substantially  in  agreement  with  theory,  just  as  tliose  of  Champion 
are  in  the  lower  Tp-range  from  0.4  to  0.9  MEV.  Williams  and  Terroux  reported  large 
discrepancies,  obtaining  /^-values  which  varied  with  both  To  and  T ,„  ranging,  in  fact, 
from  about  1.6  to  2.9.  We  show  that  their  results  can  probably  be  explained  on  the 
basis  of  two  factors:  (1)  inclusion  of  secondaries  with  ranges  so  small  that  it  is  difficult 
to  obtain  their  energies;  (2)  the  number  of  secondaries  of  high  energ>'  is  small,  which 
leads  to  large  statistical  fluctuations. 

We  conclude  that  theory  and  experiment  are  essentially  in  agreement  over  the 
Trrange  from  0.4  to  2.6  MEV;  the  statement  applies  for  values  of  TjT,  lying  in  the 
limited  range  from  0.02  to  0.1. 

I.  Previous  Work 

At  present  it  is  important  to  obtain  experimental  data  on  the 
cross-section  for  the  scattering  of  high-energy  electrons  by  other 
electrons.  There  are  many  studies,  both  theoretical  and  experi- 
mental, on  energy  loss,  range,  straggling  and  ionization,  for 
primary  energies  up  to  about  10  MEV.^  These  phenomena  give 
indirect  information  about  the  electron-electron  cross-section  for 
small  values  of  the  relative  energy  transfer.  On  the  other  hand, 
direct  experiments  on  the  energy  tlistribution  of  secondary  elec- 
trons and  the  angular  distribution  of  scattered  primaries  are  the 
only  ones  which  yield  significant  information  about  the  cross- 
section  for  "close"  collisions,  i.e.,  those  in  which  a  moderate 

•  See,  for  example,  the  energj'  loss  measurements  of  Crane  and  his  colleagues, 
especially  Crane  and  iSlawsky,  Phys.  Rev.,  56,  1203  (1939);  and  of  Laslett  and  Hurst, 
Pftys.  Aev.,  52,  1035  (1937).   Also  the  ionization  measurements  of  Corson  and  Brode 

a.»  reptjrted  in  Rev.  Modern  Physics,  11, 222  (1939).  An  excellent  analysis  of  the  situation 
as  It  existed  in  1932  is  given  by  Williams,  Proc.  Roy.  Soc.,  135,  108  (1932). 
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fraction  or  a  large  fraction  of  the  energy  is  transferred.  In  this 
paper  we  shall  be  concerned  exckisively  with  experiments  of  this 
tjrpe.    Let  us  consider  first  the  high-energy  region. 

Anderson  and  Neddermeyer  -  have  studied  the  energy  distribu- 
tion of  fast  negative  secondaries,  ejected  from  a  plate  in  a  cloud 
chamber  by  cosmic-ray  particles.  In  one  case,  most  of  the 
primaries  had  energy  »200  MEV,  and  secondaries  up  to  80  MEV 
were  found ;  in  3  other  cases,  the  primaries  had  energy  >500  MEV 
and  secondaries  up  to  about  150  MEV  were  observed.  In  these 
experiments  there  is  uncertainty  as  to  whether  an  individual 
primary  is  an  electron  or  a  meson.  This  hinders  comparison  with 
theory,  because  it  is  necessary  to  make  a  correction  for  secondaries 
which  fail  to  emerge  from  the  plate;  the  influence  of  collision 
losses  is  fairly  clear  but  the  question  is,  what  allowance  should 
be  made  for  loss  of  secondaries  caused  by  radiative  processes? 
Two  extreme  cases  were  therefore  considered — no  radiative  loss, 
and  full  radiative  loss  for  all  particles,  considered  as  electrons. 
The  results  show  that  it  is  probably  fair  to  say  that,  regardless  of 
the  nature  of  the  primaries,  the  observed  and  calculated  cross- 
sections  for  production  of  high  energy  secondaries  agree  within  a 
factor  2  over  the  whole  range  of  the  experiments.  More  detailed 
statements  can  hardly  be  made  because  of  the  uncertainties  men- 
tioned, and  because  the  number  of  secondaries  available  is  small 
(to  wit,  26,  11,  13,  and  36  in  the  4  cases) ;  as  we  shall  see,  the  small- 
ness  of  the  cross-section  constitutes  the  chief  barrier  to  progress 
in  all  studies  of  this  kind.  Nevertheless,  the  al:)ove  result  is 
reassuring  since  it  shows  that  the  Moller  formula  (discussed  in 
Section  III)  cannot  be  far  wrong  for  either  electrons  or  mesons 
at  very  high  values  of  primary  energy,  and  for  average  values  of 
the  ratio  (secondary  energy) /(primary  energy)  lying  in  the  neigh- 
borhood of  0.04. 

We  turn  now  to  the  domain  of  much  lower  primary  energies, 
only  to  find  some  puzzling  discrepancies  which  have  led  us  to 
make  the  experiments  described  in  this  paper.  So  far  as  we  can 
find,  there  are  only  six  experimental  papers  which  give  results  of 
direct  scattering  measurements  in  the  energy  region  from  about 
10*  to  10«  MEV,  and  the  last  of  these  was  published  in  1932.  The 
six  investigations,  in  chronological  order,  are  due  to  Bothe,' 

'Anderson,  C.  D.,  and  Neddermeyer,  S.,  "International  Conference  on  Physics," 
Vol.  1,  p.  171,  1934,  Cambridge  Univ.  Press;  Rev.  Modem  Physics,  11,  191  (1989). 
» Bothe,  W.,  Z.  Physik,  12,  117  (1922). 
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Wilson/  Henderson,^  Williams  and  Terroux,*  Williams  ^  and 
Champion.*  With  the  exception  of  Henderson's  work,  all  the 
data  were  obtained  by  studying  side  branches  produced  by  fast 
electrons  in  the  gas  of  a  cloud  chamber.  In  the  domain  of  energy 
in  which  radiative  loss  can  be  neglected,  the  energy  loss  of  an 
electron  traversing  a  gas  is  principally  due  to  excitation  of  the 
atoms  and  to  the  production  of  slow  secondaries,  the  kinetic 
energy  of  which  is  of  the  order  of  15  volts.  Occasionally,  however, 
the  energy  transfer  is  much  larger,  and  when  it  is  of  the  order  of 
10^  volts,  the  range  of  the  secondary  in  air  at  N.  T.  P.  is  several 
millimeters.  Then  it  is  possible  to  determine  the  energy  transfer 
by  using  the  range-energy  relation.  With  suitable  choice  of  the 
energies  involved,  it  is  also  possible  to  study  the  angular  dis- 
tribution of  the  scattered  primary  electrons.    Fig.  1  is  a  stereo- 


FlQ.  1. 


scopic  pair  showing  two  events  in  which  the  side  branches  are 
suitable  for  range  measurement;  they  are  indicated  by  arrows  and 
may  be  examined  with  a  hand  mirror  placed  perpendicular  to  the 
paper,  between  the  two  views. 

The  frequency  of  such  collisions  is  governed  roughly  b}'^  a 
formula  contained  implicitly  in  a  paper  by  J.  J.  Thomson;  ^  we 

*  WUson,  C.  T.  R.,  Proc.  Roy.  Soc.,  104,  192  (1923). 
'Henderson,  M.  C,  Phil.  Mag.,  8,  847  (1929). 

«  Williams,  E.  J.,  and  Terroux,  F.  R.,  Proc.  Roy.  Soc.  A,  126,  289  (1929-30). 
^  WiUiams,  E.  J.,  Proc.  Roy.  Soc.  A,  128,  459  (1930). 
•Champion,  F.  C,  Proc.  Roy.  Soc.  A,  137,  688  (1932). 

» Thomson,  J.  J.,  Phil.  Mag.,  23,  449  (1912);  see  also  Bohr,  Phil.  Mag.,  25,  10  (1913), 
and  30,  581  (1913). 
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shall  call  it  Thomson's  formula.  According  to  this,  the  classical 
crossHsection  for  an  energy  transfer  between  Ti  and  T2  is 


'  where  Vp  is  the  primary  velocity.  This  applies  to  the  collisions 
of  free  electrons;  corrections  for  the  velocity  of  the  atomic  electron 
and  for  its  binding  energy  are  negligible  in  the  range  of  primary 
energies  considered  here.  One  complication  arises:  one  cannot 
tell  whether  a  side  branch  of  energy  T  is  formed  by  the  atomic 
electron,  or  by  a  primarj^  which  lost  energy  Tp  —  T.  Therefore 
we  agree  that  hereafter  T  shall  mean  the  energy  of  the  slower 
emergent  particle,  so  that  T  is  always  less  than  Tpl2.  Then  the 
classical  cross-section  for  production  of  a  branch  which  has 
energy  greater  than  a  chosen  value  To,  but  less  than  rp/2,  is: 


This  cross-section  decreases  rapidly  as  To  increases.  Accordingly 
all  experimenters  using  cloud  chambers  of  ordinary  size  have  been 
obliged  to  choose  the  ranges  of  primary  and  secondary  energy  in 
such  a  way  that  a  reasonable  number  of  events  suitable  for  measure- 
ment could  be  accumulated.  If  Tp  is  of  the  order  IC  to  3  •  10^  EV, 
relatively  large  values  of  the  fractional  energy  transfer,  TjTp, 
can  be  dealt  with;  but  when  Tp  is  10^  EV  or  more,  events  for  which 
TjTp  is  relatively  large  become  so  infrequent  that  their  study  in 
ordinary  cloud  chambers  l)ecomes  prohibitively  time-consuming. 
Considerations  of  this  kind  explain  the  paucity  of  quantitative 
data  on  this  cross-section. 

The  pioneer  cloud  chamber  studies  of  side  branches  were 
made  by  Bothc  and  Wilson  without  a  magnetic  field.  The  results 
showed  that  for  the  energies  employed  the  frequency  of  side 
branches  agrees  with  Thomson's  formula  in  order  of  magnitude. 
Henderson's  work  was  done  with  an  ionization  chamber.  On 
account  of  the  large  contribution  from  nuclear  scattering  and  the 
uncertainties  due  to  scattering  from  solid  parts  of  the  apparatus 
the  results  throw  no  light  on  the  present  problem.  Williams 
studied  secondaries  produced  in  oxygen  by  primaries  having  the 
low  energy  20  EKV.  They  produce  secondaries  copiously,  and 
by  operating  at  pressures  below  atmospheric  he  was  able  to  measure 


(1) 
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the  frequency  of  branches  with  energies  from  3,000  to  10,000  EV. 
Williams  chose  these  conditions  because  he  desired  to  test  a 
scattering  formula  which  Mott '°  derived  on  the  basis  of  the 
Schrodinger  equation,  taking  account  of  electron  exchange.  The 
difference  between  the  Mott  formula  and  the  classical  equation  (2) 
is  most  pronounced  in  collisions  for  which  T jTp  is  large.  Williams' 
results  agree  with  Mott's  formula  within  the  limits  of  experi- 
mental error,  about  10  per  cent,  while  the  most  reliable  portion 
of  the  data  yields  a  cross-section  40  per  cent  below  the  classical 
value. 

Williams  and  Terroux  examined  the  side  branches  produced 
on  18  meters  of  track  in  oxygen  at  about  two-thirds  of  atmospheric 
pressure,  using  primary  electrons  with  energies  from  0.13  to 
1.6  MEV.^'  They  examined  all  secondaries  with  energy  over 
7,500  EV.  In  their  table  of  results,  the  observed  secondaries  are 
grouped  in  two  ways,  to  facilitate  study  of  the  way  in  which  the 
cross-section  depends  on  To  and  on  Tp,  First  the  events  are 
classified  into  four  groups,  according  to  the  value  of  Tq,  without 
regard  to  the  value  of  Tp.  Second,  all  events  for  which  T  was 
greater  than  10,000  £V  were  divided  into  groups,  according  to 
the  value  of  Tp,  In  each  case,  the  theoretical  number  of  events 
was  obtained  from  Thomson's  formula,  the  only  one  available  at 
that  time.  Comparison  was  made  with  theory  by  computing  the 
ratio,  observed  number  over  theoretical  number,"  which  we  shall 
denote  by  R.  The  chief  features  of  the  results  are  these.  (1)  As 
T  increases,  R  runs  from  2  to  0.5,  all  values  of  Tp  being  considered. 
(2)  As  Tp  increases  from  0.13  to  1.6  MEV,  R  rises  from  1.4  to  2.8, 
for  the  case  of  secondaries  having  energy  greater  than  10  EKV. 

It  is  possible  to  compare  the  results  with  a  relativistic  quantum- 
theoretical  formula  based  on  MSller's  results  (see  equation  (3)), 

»  Mott,  N.  F.,  Ptoc.  Roy.  Soc.  A,  126,  259  (1930). 

^  These  primaries  were  described  as  beta  particles  from  RaE,  but  since  the  upper 
limit  of  the  RaE  spcrtrum  lies  at  about  1.3  MEV  it  is  necessary  to  consider  the  origin 
of  the  particles  of  higher  energy.  Later  {Proc.  Roy.  Soc.  A,  131,  90  (1931)),  Terroux 
pubUshed  an  account  of  this  spectrum,  based  on  Madgwick's  data  up  to  0.66  MEV, 
and  on  his  own  data,  above  that  value.  His  work  was  done  with  the  apparatus  used 
by  Williams  and  Terroux;  the  field  was  500  gauss,  and  accordingly  "the  probable  error 
in  the  measurement  of  Hp  for  any  single  fast  track  is  of  the  order  of  9  per  cent."  Now 
we  find  that  up  to  neariy  1.3  MEV  the  curve  of  Terroux  agrees  well  with  the  mean  of 
Fevrral  recent  and  reliable  distribution  curves;  the  faster  particles  form  a  weak  "tail." 
Thus  it  appears  vmlikely  that  his  magnetic  field  measurements  were  seriously  in  error; 
it  is  far  more  probable  that  the  tail  arose  from  multiple  scattering,  from  the  9  per  cent 
probable  error  in  Hp  and  from  the  presence  of  particles  belonging  to  the  cosmic  rays 
and  the  radioactive  background.  Observations  in  our  own  laboratory  show  that  such 
particles  may  be  far  from  negligible  in  a  six-inch  chamber  operating  periodically. 
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and  we  have  done  this.  The  effect  is  that  all  /?-values  are  slightly 
increased,  and  we  shall  use  these  revised  /^-values  in  making  com- 
parisons with  our  own  data  (Section  V).  The  above  results  are 
open  to  an  obvious  criticism.  The  number  of  events  in  each 
primary-energy  group  is  small  so  that  unfavorable  fluctuations 
may  be  largely  responsible  for  the  variation  of  R  with  Tp.  There- 
fore it  seems  best  to  lump  the  data  for  all  values  of  T  and  Tp, 
We  have  done  this,  and  find  that  the  experimental  average  cross- 
section  for  all  the  events  (72  in  number)  is  2.1  d=  0.25  times  the 
value  predicted  by  Moller's  formula.  Terroux's  energy  distribu- 
tion curve  was  employed  in  making  these  computations,  and  the 
estimate  of  error  is  merely  the  standard  deviation  due  to  fluctua- 
tions in  the  occurrence  of  secondaries.  We  may  sa\-  at  once  that 
these  results  are  in  sharp  contradiction  with  the  results  of 
Champion,  and  with  our  own. 

Champion  studied  the  deflection  of  beta  particles  in  the 
energy  range  0.38  to  0.9  MEV,  scattered  by  electrons  in  nitrogen. 
In  650  meters  of  track,  he  obtained  250  branches  for  which  the 
angle  of  scattering  lay  between  10°  and  40°.  The  angular  dis- 
tribution is  described  by  Table  I,  where  the  error-estimates  again 


TABLE  I 

Angular  Distribution  of  Scattered  RaE  Beta  Particles,  after  Champion 


Defleotion,  Degrees 

Obeenred  No. 

Calculated  No. 

R 

10-20  

214±lo 

230 

0.93 

20-30  

26dr  5 

30 

0.87 

30-max  

in-h  3 

13 

0.77 

250i:16 

273 

0.916 

are  based  on  fluctuations  alone.  There  is  some  indication  tliat 
the  observed  cross-section  is  below  the  calculated  one  and  that  the 
discrepancy  increases  with  secondary  energy;  still  the  limits  of 
fluctuation  error  are  such  that  we  cannot  speak  of  a  definite  dis- 
accord with  theory. ^2  In  a  rough  way,  the  apparent  deficit  at 
higher  angles  corresponds  to  a  deficit  of  high-energy  secondaries, 
because,  for  a  primary  electron  of  definite  energy,  a  given  angle 
of  scattering  corresponds  to  the  production  of  a  secondary  of  given 

The  formula  enijiloyod  by  Champion  involves  {e^/mc^)*.  It  is  to  be  presumed 
that  he  calculated  this  in  the  form  e^elniYlc^^  using  the  value  e  =  4.77  10~*°  which  was 
currently  accepted  in  1932;  no  definite  statement  is  made,  but  if  this  assumption  be 
correct,  use  of  the  correct  c-value  will  reduce  Champion's  if's  by  1.25%,  thereby  in- 
creasing the  discrepancy  with  theory. 
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energy.  In  other  words,  there  is  a  relation  between  the  angular 
distribution  f{d)dd  and  the  energy  distribution  g{T)dT.  It  would 
be  possible  to  calculate  the  secondary  energy  distribution  which 
corresponds  to  Champion's  published  data,  but  this  would  be  very 
time-consuming  and  is  scarcely  worth  while,  for  we  see  that  the 
average  result  would  necessarily  be  in  close  agreement  with 
Moller's  formula  for  g{T), 

To  summarize  the  essential  points,  Williams  and  Terroux 
obtained  twice  the  MoUer  cross-section  for  primaries  in  the 
range  0.13-1.6  MEV,  but  Champion's  angular  distribution  agrees 
well  with  Moller's  calculations  over  the  range  0.4-0.9  MEV.  It  is 
inherently  probable  that  Champion's  result  is  more  trustworthy 
than  that  of  Williams  and  Terroux  because  of  the  smaller  statistical 
error  and  because  of  the  difficulty  of  measuring  the  ranges  of  short 
secondaries.  More  extensive  cloud  chamber  observations  are 
needed,  both  to  clear  up  the  discrepancy  and  to  extend  the  results 
to  higher  primary  energy. 

II.  Nature  of  the  Present  Experiments 

In  this  paper  we  present  data  covering  the  range  of  primary 
energies  from  0.67  to  2.6  MEV,  and  the  range  of  secondary  energies 
from  10  EKV  up  to  the  highest  value  encountered,  namely  about 
250  EKV.  The  desideratum  in  such  work  is  a  complete  quantita- 
tive study  of  the  cross-section  over  a  wide  range  of  values  of  Tp 
and  of  To/Tp,  with  special  emphasis  on  high  values  of  TojTp.  The 
present  experiments  show  that  the  results  of  WiUiams  and  Terroux 
cannot  l)e  correct;  they  also  test  equation  (3),  Section  III,  for 
primary  energies  much  higher  than  those  employed  by  earUer 
workers. 

The  primaries  were  recoil  electrons  produced  in  the  walls  of  a 
nitrogen-filled  chamber,  by  gamma  rays  from  a  mesothorium 
source  containing  a  small  percentage  of  radium.  Thus  the  effects 
of  the  hard  gamma  rays  from  ThC"  are  prominent.  We  have 
chosen  to  measure  the  energy  distribution  of  the  branches  for  our 
viewing  apparatus  is  better  adapted  to  radius  and  range  measure- 
ments than  to  deflection  measurements.  Furthermore,  a  large 
body  of  photographs  obtained  by  Dr.  C.  C.  Jones  was  available 
and  these  were  well  aflapted  to  radius  measurements  because 
they  were  obtained  in  a  held  of  1,200  gauss.  In  view  of  the  strong 
variation  with  T,>  which  Williams  and  Terroux  found  in  the  range 
they  covered,  it  appeared  desirable  to  study  the  dependence  of 
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.-c  ill       even  though  theorj^  indicates  very  slight 
-  *  velocities. 

■      '^y-  vnTT^snc  Formula  for  the  Electron- 
Vji^-TRON  Cross-Section 

-•^   I    :w  eieciron-electron  collision  at  high  energies 
"v^che  and  by  Wolfe/^  but  these  authors  neg- 
«.  -.-.--iv*!!  o«  potentials.    The  effect  of  retardation  was 
ts. .  -  *  who  states  that  his  two-electron  Hamiltonian 
It   "  t"^*  inclusive.    Uncertainty  about  higher 
^        when  one  writes  the  classical  Hamiltonian, 
:v«tivl  on  the  ''structure"  assumed  for  the 
V    ^35-  oauoulated  the  electron-electron  cross-section 
»  -jt  'iriown  to  be  equivalent  to  the  use  of  Breit's 
-  ..;>  tt  "  i*^*  inclusive.    His  final  formulas  giving 
.  r  •,*rvxiuction  of  a  branch  with  energj^  in  the 
.  f       presumably  the  most  accurate  ones  avail- 
ife,  >^4iuui»        applies  when  T  is  large  compared  with 
-         ^  atomic  electron  and  small  compared  with 

y_  v4^i_  ti.-^  tor  use  in  the  present  work. 

^'^'^       differential  cross-section  from  To  up  to 
^    "^"^^j^   it^*  "oilowing  cross-section  for  production  of  a 
^      ^i{.vm>r  to  To  (and  of  course,  inferior  to  Tp/2) : 


-'^•^o^^log(4^)  (3) 


+ 


»  5.  325  (1930);  Wolfe,  H.  C,  Phys.  Rev.,  37,  591 

•*^.s,H«^**.:v>3  (1929). 

iff  tik^.  14,  531  (1932).    Carlson  and  Oppenlieimer, 
ssimilar  calculations.    Moller's  formula  (76)  and 
aer  give  identical  results  when  Tp'^vic^,  but  for 
Ifsults  are  far  from  identical.    Specifically,  when 
«>WWtrti  other  by  amounts  ranging  from  13  per  cent  to 
.'w  of  T/Tp.    For  Tp  =  2.5  MEV  the  discrepancies 
^    , .  i.    Indeed,  Carlson  and  Opi)enheimer  describe  their 
Iw*^  velocity  impacts,  but  they  do  not  say  how  high; 
viUVHk  discrepancy  is  due  to  the  absence  of  a  factor 

.     \,.K<n-Oppenhcimer  formula;  this  factor  would  be 
s  formula  in  the  classical  range;  Moller's  formula 
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Here  To  is  in  wc*  units;  jSp  =  Vp/c;  Ao  =  To/Tp]  g  ^  l{y  -  l)/7  J, 
and  7  =  (1  —  jSp*)*.  Also  r©  =  e^/mc^  and  we  have  employed  the 
values  2Tro*  =  4.983  ID""  (1  ±  .0007)  cm«;  1  mc*  unit  =  0.5113 
(1  =b  .0002)  MEV,  which  are  based  on  e  =  4.8029  10^^  e/wo 
=  5.2690  10-",  and  c  =  2.99776  10". 

The  terms  outside  the  square  bracket  in  (3)  are  identical  with 
those  in  Thomson's  equation  (2),  so  the  second  and  third  terms  in 
the  bracket  represent  the  effect  of  passage  from  non-relativistic 
Newtonian  mechanics  to  the  best  available  quantum-mechanical 
formulation.  For  the  high  primary  energies  and  relatively  low 
secondary  energies  employed  in  our  work,  these  two  terms  are 
small  compared  with  unity.  They  seldom  contribute  more  than 
10  per  cent  to  the  cross-section. 

Working  Formula. — Since  we  have  to  work  with  a  range  of 
primary  energies,  we  must  average  formula  (3)  between  fixed 
limits  of  Tp,  say  r  and  r  -f  At.  We  assume  the  energy  spectrum 
is  given  as  a  hodograph  of  flat  topped  blocks  (Fig.  2),  so  that  in 
averaging  over  one  of  these,  we  give  all  energy  values  equal 
weight.  The  result  contains  integrals  which  have  not  been  tabu- 
lated, so  a  good  approximation  is  desirable.  For  our  own  data, 
it  is  satisfactory^  to  average  only  over  the  term  outside  the 
bracket  and  to  replace  Ao  and  g  by  their  average  values.  The 
result  is: 


5cro,2',)s^(^^)5(l+/); 

f  =  _Li„„  /      1  +  (At/t)  \ 


(4) 


Here  B  stands  for  the  result  of  putting  Ao,  Q,  in  place  of  A^SLndg 
in  the  bracket,  and  all  the  energies  are  in  mc^  units.^^ 

IV.  Technique 

Our  work  was  done  with  a  stereoscopic  viewing  and  measuring 
instrument  recently  described  by  Jones  and  Ruark.^'  Full  details 
of  the  Hp  determinations  are  given  in  their  paper.  The  instru- 
ment is  capable  of  measuring  the  components  of  momentum 
INirallel  and  perpendicular  to  the  field,  and  can  deal  accurately 
with  tracks  which  make  an  angle  B  of  30  or  40°  with  a  plane  per- 

^*  This  formula  was  not  quite  good  enough  for  the  recomputation  of  the  Williama- 
Tenoux  data  moitioned  in  Sec.  I;  in  that  case  we  used  graphical  methods. 
"Jones,  C.  C,  and  Ruark,  A.      Proc.  Amer.  Phil.  Soc.,  82,  253  (1940). 
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pendicular  to  the  field,  but  the  compaUtioDS  Maying  to  large 
values  of  ^  are  tune-consuming.  Because  of  the  large  number  of 
tracks  to  be  measured,  we  have  used  only  those  primary  tracks 
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Fio.  2.   Energy  spectrum  of  the  primary  electrons.  The  solid  and  dotted  curves  refer 
to  the  data  in  Table  II  A  and  Table  II  B,  respectively. 

for  which  tan  6  is  less  than  0.3.  With  this  restriction,  a  small 
correction  can  be  applied  to  the  energy  of  a  group  of  primary 
tracks  to  take  account  of  both  the  momentum  component  parallel 
to  the  field  and  a  geometrical  error,  caused  by  the  fact  that  the 
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helical  tracks  are  projected  on  a  flat  ground-glass  viewing  plate. 
The  appropriate  corrections  were  determined  by  careful  measure- 
ment of  the  actual  configuration  of  80  representative  tracks. 

For  present  purposes  it  is  not  necessary  to  discuss  the  effect 
of  multiple  scattering  on  either  the  energy  distribution  curve 
(Fig.  2)  or  the  results  (Fig.  3)  for  the  dependence  of  the  electron- 
electron  cross-section  on  Tp.  In  a  sufficiently  large  aggregate,  the 
effects  of  multiple  scattering  on  these  quantities  will  be  small  for 
two  reasons.  First,  the  number  of  tracks  thrown  from  one 
energy-class  to  the  next  higher  one  by  scattering  will  be  roughly 
compensated  by  the  number  which  are  thrown  in  the  other  direc- 
tion. Second,  many  tracks  have  apparent  energies  which  lie  so 
far  from  a  boundary  between  energy-classes  that  the  chance  that 
they  really  belong  to  another  class  is  negligible. 

The  energies  of  the  side-branch  electrons  were  determined 
from  their  ranges.  In  measuring  the  length  of  a  branch  several 
centimeters  long  it  was  necessary  to  divide  it  up  into  reasonably 
straight  portions,  measuring  each  portion  separately.  With  the 
mid-point  of  the  segment  to  be  measured  in  good  focus  on  the 
ground-glass  plate,  the  component  normal  to  H  was  measured 
with  a  glass  scale,  while  the  component  parallel  to  H  was  deter- 
mined by  a  focusing  method.^'  The  cliord  w'as  computed  and,  if 
necessary,  the  difference  between  arc  and  chord  was  estimated 
visually. 

Since  the  cross-section  depends  critically  on  the  branch  energy, 
we  shall  have  to  consider  the  range-energy  relation  with  care. 

Nuttall  and  Williams  found  that  Whiddington's  law  is  well 
verified  in  several  gases  for  electrons  of  energy  5  to  27  EKV; 
that  is,  T  =  Ar»,  where  T  is  the  energy  of  the  secondary  in  EKV, 
r  is  the  range  of  the  branch  in  cm,  and  A  =  22.3  for  nitrogen. 
They  also  show  that  the  stopping  power  of  a  gas  or  gas  mixture 
depends  only  on  the  electron  density;  this  was  verified  within  1.4 
per  cent  for  several  gases  up  to  27  EKV.  From  27  to  50  EKV, 
deviations  from  Whiddmgton's  law  have  been  found,  but  they  are 
shght.  Von  Droste  has  given  a  universal  range-energy  curve, 
based  on  all  available  data  for  several  gases  up  to  50  EKV;  he 
converted  all  ranges  into  equivalent  mean  ranges  in  air  at  15°  C 
and  760  mm.    It  will  be  useful  to  give  a  few  numbers  taken  from 

»•  Xuttall,  J.  M.,  and  Williams,  E.  J.,  Phil.  Mag.,  2,  1109  (1926). 
"  von  Droste,  G.  Ft.,  Z.  Phys.,  84,  17  (1933). 
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the  curve: 

T  in  EKV  rat,  in  cm 

10  22 

20  77 

30   1.63 

40   2.73 

50   4.07 

Now  our  photographs  were  obtained  in  nitrogen,  with  a  liquid 
mixture  of  60  per  cent  ethyl  alcohol  and  40  per  cent  water.  The 
vapor  pressures  of  the  alcohol  and  water  do  not  follow  the  laws  of 
ideal  mixtures,  and  corrections  for  the  deviations  are  quite  neces- 
sary. The  actual  vapor  pressures  of  these  two  constituents  at  any 
temperature  can  be  read  from  curves  recently  published  by 
Gautier  and  Ruark.^  The  total  pressure  of  the  gas-vapor  mixture 
is  known  from  measurements  taken  at  the  beginning  of  each  run. 
With  the  chamber  in  the  expanded  condition  and  in  thermal 
equilibrium,  it  was  usually  about  78  cm.  The  nitrogen  pressure  is 
determined  by  difference,  so  we  can  compute  the  electron  density 
of  each  constituent  of  the  chamber  gas,  after  expansion.  We  then 
assume  (on  the  basis  of  Nuttall  and  Williams'  results,  as  well  as 
theory)  that  range  is  inversely  proportional  to  electron  density. 
Thus  we  get  the  range  in  air  at  16°  C  and  760  mm,  and  take  the 
energy  from  von  Droste's  curve.  It  appears  better  to  use  this 
curve  than  to  rely  on  theoretical  formulas,  for  the  data  of  ail 
observers  except  one  agree  with  the  curve  within  about  one  per 
cent,  while  the  available  formulas  depart  from  the  experimental 
results  by  amounts  of  the  order  3  to  10  per  cent. 

Criteria  for  Selection  oj  Tracks. — In  taking  the  photographs 
used  in  this  work,  the  source  of  gamma  rays  was  enclosed  in  a 
thick  lead  housing  with  a  narrow  channel  extending  toward  the 
chamber  wall.  The  source  was  mounted  on  a  strong  electro- 
magnet which  was  actuated  about  the  time  the  expansion  was 
complete,  pushing  the  source  into  line  with  the  channel.  This 
shutter  arrangement  brought  about  a  substantial  increase  in  the 
percentage  of  post-expansion  tracks.  Nevertheless,  in  any  series 
of  electron  photographs  obtained  with  a  gamma-ray  source  there 
will  be  a  number  of  diffuse  tracks  which  entered  the  chamber  too 
early  and  a  number  of  weak  ones  which  entered  too  late,  near 
the  end  of  the  sensitive  period.  Thus  it  is  essential  to  adopt 
oljjective  criteria  as  to  the  inclusion  or  exclusion  of  such  tracks  in 

»  Gautier,  T.  X.,  and  Ruark,  A.  E.,  Phys.  HeiK,  57,  1040  (1940). 
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advance  of  the  measurements.  The  criteria  depend  on  the  purpose 
of  the  work  and  in  any  case  they  should  be  so  chosen  that  de- 
cisions as  to  the  inclusion  of  tracks  are  reduced  to  a  minimum 
number.  Also,  tracks  which  lie  in  positions  unfavorable  for 
accurate  measurement  should  be  excluded. 

Our  criteria  are  these:  (1)  To  minimize  error  in  the  total  track 
length,  the  measurable  length  of  each  primary  track  should  not 
fall  below  a  definitely  chosen  value.  For  particles  of  energy  less 
than  1  MEV,  this  value  was  4  cm;  for  all  others  it  was  5  cm.  The 
primary  track  should  be  free  from  detectable  small  angle  scattering 
over  a  consecutive  length  of  at  least  5  cm,  if  it  is  necessary  to 
ascertain  whether  the  primary  lies  within  the  energy  range  under 
consideration;  otherwise,  uniformity  of  radius  is  unimportant. 

(2)  The  tangent  of  d  shall  be  less  than  or  equal  to  0.3.  In  the 
early  part  of  the  work  the  value  0.17  was  used  instead,  but  it  was 
found  that  applications  of  this  criterion  were  too  frequent.  Ac- 
cordingly the  figure  was  raised  to  0.3.  Because  of  the  geometry 
of  the  chamber  and  the  angular  distribution  of  the  recoil  electrons 
employed,  the  number  of  applications  dropped  at  once.  This 
increased  the  speed  of  measurement  and  certainly  resulted  in 
greater  objectivity  of  the  data. 

(3)  Portions  of  a  primary  track  obscured  by  other  tracks 
should  be  omitted,  though  unobscured  portions  should  be  included. 
This  trouble  is  infrequent. 

(4)  If  a  track  primary  becomes  faint  in  the  region  of  warm  air 
very  close  to  the  chamber  wall  it  should  be  considered  to  extend 
to  the  wall,  for  it  actually  does  so,  and  it  is  probable  that  any 
slow  secondary  produced  in  this  region  can  usually  be  detected 
with  ease  because  of  its  great  density  of  ionization.  If  this  con- 
vention were  not  adopted,  the  cross-section  would  be  over- 
estimated. 

(5)  To  minimize  the  percentage  of  pre-expansion  tracks,  and 
to  increase  the  accuracy  of  curvature  measurements,  tracks  the 
images  of  which  are  wider  than  the  arbitrary  value  0.8  mm  are 
excluded;  the  width  is  determined  by  comparison  with  a  standard 
ink  line  ruled  on  a  transparent  sheet. 

(6)  It  must  be  probable  from  the  density  of  ionization,  the 
initial  direction  and  the  shape  of  a  branch,  that  it  is  one  which 
starts  on  the  primary,  rather  than  a  slow  electron  wliich  starts  in 
the  gas  of  the  chamber  and  happens  to  end  on  the  primary.  This 
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criterion  cannot  easily  be  applied  to  branches  only  a  few  mm  in 
length,  but  occasionally  it  has  served  to  eliminate  a  false  brancli 
of  considerable  length.  Often  it  is  possible  to  distinguish  a  real 
branch  from  a  false  one  by  looking  for  the  expected  deflection  of 
the  primary.  Experiments  were  made  to  determine  the  chance 
that  a  slow  electron  originating  in  the  gas  will  terminate  its  path 
inside  a  cylinder  of  radius  2  mm  surrounding  a  primary  track; 
a  very  liberal  estimate  of  this  chance  is  0.016.  At  least  half  of 
these  accidentals  can  be  eliminated  by  considering  the  angle  they 
make  with  the  primary  and  by  looking  for  the  deflection  of  the 
primary,  so  the  error  in  cross-section  due  to  accidentals  can  hardly 
be  more  than  0.8  per  cent. 

(7)  The  primary  and  the  branch  must  be  of  the  same  age,  as 
far  as  can  be  determined  visually. 

V.  Results 

Our  data  aie  divided  into  two  main  series  obtained  with 

different  purposes.  Their  essential  characteristics  may  be  de- 
scribed as  follows: 


scrips 

Tp  Limits, 
MEV 

To, 
EKV 

Itange  of  Branch, 
cm 

Meters  of 
Track 

I 

II 

0.67-2.64 
1.3  -2.64 

12,  20,  30,  40 
20,30,40 

0.3,  0.8,  1.8,  3.0 
0.8,  1.8,  3.0 

105.6 
84.6 

In  Series  I,  we  employed  a  wide  range  of  primary  energies  to 
provide  good  overlap  with  the  values  covered  by  previous  workers. 
Nevertheless,  the  lower  limit  is  so  high  that  the  average  Hp  value 
for  a  reasonable  number  of  tracks  is  not  seriously  affected  by 
multiple  scattering.  In  this  series  the  energies  of  all  primaries 
and  branches  were  determined  individually  so  that  the  electron- 
electron  collisions  could  be  classified  according  to  values  of  Tp  and 
also  according  to  values  of  T.  In  this  series  we  measured  all 
branches  with  ranges  of  0.3  cm  or  more,  because  we  wanted  to 
duplicate  the  procedure  of  Williams  and  Terroux  in  this  respect, 
and  thereby  get  an  indication  as  to  wlictlier  the  inclusion  of  such 
short  tracks  leads  to  large  values  of  R,  such  as  they  observed. 

In  Series  II,  the  lower  hmit  of  Tp  was  put  at  1.33  MEV,  and 
the  lower  limit  of  To  at  20  EKV,  corresponding  to  a  range  of 
about  0.8  cm.  This  procedure  avoids  inaccuracies  whicli  may 
arise  in  the  measurement  of  very  short  branches,  increases  the 
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amount  of  data  in  the  range  of  high  Tj„  not  covered  by  others, 
and  also  builds  up  the  statistics  for  higher  values  of  T^'T,,,  where 
the  cross-section  is  small.  In  this  series,  the  dependence  of  the 
cross-section  on  Tp  was  not  studied  because  the  results  of  series  I 
showed  tiiat  the  pronounced  anomaly  found  by  Williams  and 
Terroux  near  Tp  =  I  MEV  has  no  foundation  in  fact  (see  Fig.  3). 
Accordingly,  in  Series  II  curvatures  were  not  measured  unless  it 
was  necessary  to  determine  whether  the  primary  energy  lay  within 
the  chosen  limits. 

Table  II  A  and  the  lower  curve  in  Fig.  3  show  the  dependence 
of  R  on  primary  energy.  They  are  based  entirely  on  the  data  of 
Series  I,  the  energy  spectrum  being  the  solid  curve  in  Fig.  2.  The 
upper  curve  shows  the  data  of  Williams  and  Terroux  recalculated 
as  described  in  section  I.  The  short  lines  at  the  top  of  the  figure 
show  the  limits  of  the  primary  energy  intervals. 

Table  I  B  and  Fig.  4  showing  the  dependence  of  R  on  To  are 
obtained  by  combining  relevant  parts  of  the  data  of  Series  I  with 
those  of  Series  II.  The  energy  spectrum  of  the  primaries  is  the 
dotted  curve  in  Fig.  2.  In  both  figures  the  indicated  errors  are 
standard  deviations  due  to  fluctuations  in  the  occurrence  of  side 
branches,  no  allowance  being  made  for  instrumental  errors.  In 
Fig.  4,  the  abscissse  of  some  points  are  slightly  shifted  to  avoid 
overlapping. 

VI.  Discussion 

Variation  of  R  with  Tp, — Figure  3  indicates  that  the  large  and 
systematic  variation  of  R  with  Tp  found  by  Williams  and  Terroux 
is  not  real.  The  numbers  of  observed  particles  for  their  4  points 
are  8,  12,  20,  and  14,  an  average  of  14;  in  our  case  the  numbers  are 
18,  24,  23,  27,  20,  and  4;  the  average  is  only  19.  Therefore  no 
great  weight  is  attached  to  the  detailed  course  of  either  curve,  but 
our  data  for  the  ranges  0.67-0.99  and  1.00-1.32  MEV,  taken 
together,  refute  the  value  2.8  found  by  Williams  and  Terroux  in 
the  same  energy  region;  their  result,  indeed,  may  be  due  to  a  very 
imfavorable  fluctuation. 

Comparing  our  curves  in  Fig.  3  and  Fig.  4,  we  see  that  exclusion 
of  branches  with  energies  between  12  and  20  EKV  results  in  lower 
R  values.  This  strongly  indicates  that  the  discrepancy  between 
theory  and  our  curve  in  Fig.  3  is  partly  due  to  the  inclusion  of 
branches  down  to  3  mm  in  length.  The  same  conclusion  applies 
a  Joriiori  to  the  Williams-Terroux  curve  in  Fig.  3,  which  is  based 
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SeriM 

Meters  of 

Primar>' 
Tnok 

Range  of  Tp 
(MEV) 

RanKf  of  T 
(EKV) 

Branches 
Obeerved 

Branches 
Calculated 

R 

A;  I  alone 

105.6 
105.6 
xuo.o 

IftR  ft 

105.6 
105.6 

0.67-0.99 
1.00-1.32 

i.oo— A.OO 

1.99-2.31 
2.32-2.64 

12  up 
12  up 
i£  up 
1^  up 
12  up 
12  up 

18 

24 

20 
4 

11.1 

16.5 

lO.O 

17.4 
5.5 

1.62±.3S 

1.45  ±.30 
1  7n_i_ 

1  90-t.  97 
i.oVa:.«f 

1.15±.26 

0.73  ±.37 

0.67-2.64 

12  up 

116 

83.4 

1.39=b.l3 

B;  relevant 

190.2 

0.67-2.64 

20  up 

107 

88.3 

1.21±.12 

parts  of  I  and 

190.2 

0.67-2.64 

30  up 

63 

56.4 

1.12±.14 

aUof  II 

190.2 

0.67-2.64 

40  up 

35 

40.9 

0.86±.15 

3-0 


2.0 


1-5 


10 


1 1  1 

_H4H  , 

1 

1  ' 

.  1 

1 

1 

1  1 

• 

L 

T 

1.0  2.0 
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Fig.  3.    Ratio  li  of  the  observed  and  MoUer  cross  sections,  as  a  function  of  Tp. 
seoondaries  have  all  eneigieB  from|l2  EKV  up.   See  Table  II  A. 
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on  secondaries  with  energies  down  to  10  EKV.  We  did  not  care 
to  pursue  the  matter  further,  for  curvature  measurements  are 
time-consuming,  and  it  appeared  that  more  useful  information 
could  be  obtained  by  concentrating  on  the  dependence  of  the  cross- 
section  on  To. 


>I0         >20         >3  0 
BRANCH  ENERGY  EKV 


>4  0 


Fig.  4.  Rivtio  R  of  t  he  obera^ed  and  Mollor  cross  sort  ions  as  a  function  of  To, 
the  lower  linnit  of  secondary  energy.  Curve  of  Howell  and  Horabeck  is  based  on  the 
data  of  both  Series  I  and  Series  U;  see  Table  II  B. 

Variation  of  R  with  Tq. — Referring  to  Fig.  4,  we  first  call 
attention  to  the  fact  that  the  data  for  each  point  P  include  the 
data  on  which  points  to  the  right  of  P  are  based.  This  method 
of  anal3rsis  has  some  advantage  over  that  in  which  one  considers 

the  values  of  R  for  successive  ranges  AT  of  secondary  energy, 
because  the  statistical  error  decreases  as  we  pass  toward  the  left. 
If  this  were  the  only  important  consideration,  the  points  for  7.5 
and  10  EKV  on  the  curve  plotted  from  the  Williams-Terroux  data 
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should  be  the  mo.st  leHable  ones  on  that  curve.  We  note,  however, 
that  they  depart  farthest  from  theory,  and  in  view  of  the  relative 
flatness  of  our  own  curve,  we  believe  that  these  points  are  seriously 
in  error  because  of  the  inclusion  of  very  short  branches.  With 
the  conditions  under  which  Williams  and  Terroux  worked  (2/3  nor- 
mal pressure,  room  temperature)  7.5  and  10  EKV  secondary  tracks 
are  1.6  nmi  and  2.9  mm  in  length,  respectively.  The  other  two 
points  depend  on  18  and  3  events  respectively;  of  course  the  latter 
is  included  here  only  for  the  sake  of  completeness. 

Our  oym  curve  indicates  the  essential  correctness  of  MoUer's 
formula,  but  since  the  point  at  20  EKV,  presumably  the  most 
reliable,  lies  at  the  ordinate  1.21,  we  must  discuss  the  influence  of 
the  more  important  errors.  There  are  two  systematic  errors 
which  cannot  be  eliminated,  and  which  are  in  the  right  direction 
to  explain  this.  It  is  difficult  to  correct  for  them  with  accuracy, 
so  we  have  preferred  to  present  the  data  as  they  stand,  mentioning 
these  corrections  subsequently.   They  are: 

1.  Sitnulation  of  electron-electron  colUsions  through  accidental 
production  of  slow  photoelectrons  and  recoil  electrons  close  to  a 
primary  track.  The  correction  is  probably  not  more  than  0.8 
per  cent  (Sec.  IV). 

2.  Inclusion  of  preexpansion  tracks  in  spite  of  precautions 
taken  to  minimize  such  inclusion.  Before  expansion  the  gas 
density  is  about  13  per  cent  greater  than  afterwards.  The  number 
of  secondaries  per  meter  of  preexpansion  track  is  therefore  13 
per  cent  too  larp;e,  but  we  do  not  believe  that  more  than  10  to  15  per 
cent  of  the  measured  tracks  were  formed  before  expansion.  This 
jud^5;ment  is  based  on  comparison  of  the  width  of  the  widest  tracks 
employed  with  that  of  the  sharpest  ones  obtained  (see  criterion  5). 
Even  if  the  fraction  were  as  high  as  25  per  cent,  the  correction  to 
R  would  be  only  about  3  per  cent. 

We  come  now  to  random  errors,  and  errors  of  unknown  sign, 
which  aff'ect  either  the  observed  or  the  calculated  cross-section. 
The  error  in  Tq  due  to  inaccuracies  in  the  range-energy  curve  can 
scarcely  be  more  than  4  per  cent,  since  T  r*.  The  effect  of 
straggling  on  the  average  range  of  a  group  of  n  tracks  can  be 
estimated  only  roughly.  The  relative  standard  deviation  of  the 
range  is  of  the  order  26/n*  per  cent,*^  for  an  energy  of  the  order 
20,000  EV.   Thus  if  n  is  35  the  standard  deviation  of  the  average 

"  Williams,  Fruc.  Roy.  ^'oc,  130,  310  (i933j;  especially  p.  317. 
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of  the  energies  is  about  4  per  cent.  It  inusi  l)o  renieinbered  that 
in  this  study  we  did  not  have  to  make  range  measurements  unless 
the  range  was  close  to  one  of  the  limiting  values  employed  (such  as 
1.8  cm,  corresponding  to  30  EKV).  Random  personal  errors  in 
measuring  ranges  are  unimportant;  we  believe  the  length  of  8  mm 
branches  cannot  be  systematically  in  error  by  more  than  0.6  mm, 
corresponding  to  an  energy  error  of  about  4  per  cent,  of  un- 
known sign. 

To  summarize,  we  have  discussed  two  systematic  errors  which 
are  certainly  in  such  a  direction  as  to  increase  R.  The  correction 
for  them  cannot  be  more  than  3.8  per  cent  and  it  is  probable  it 
is  not  more  than  2.8  per  cent.  The  random  errors,  and  those  of 
unknown  sign,  compounded  in  the  usual  way,  give  a  resultant  of 
7  per  cent.  For  our  curve  in  Fig.  4,  then,  consideration  of  the 
more  significant  sources  of  error  leads  to  the  following  values  of  R 
(using  2.8  per  cent  for  the  reduction  due  to  the  two  known  sys- 
tematic errors) : 


These  data  indicate  a  sliglit  excess  of  observed  branch-fre- 
quency over  the  requirements  of  McUIer's  formula,  because  the 
first  entry  is  presumably  tlie  most  significant  one.  The  average 
discrepancy  with  theory  is  almost  certainly  less  than  18  per  cent 
in  the  domains  of  primary  and  secondary  energy  which  we  have 
covered.  Champion's  results  for  the  lower  energy  range  0.4-0.9 
MEV  deviate  from  the  formula  in  the  opposite  direction  by  8.4 
per  cent.  Both  investigations  support  each  other  in  demon- 
strating the  essential  correctness  of  Moller's  theory  of  scnondary 
energy  distribution  in  the  domain  of  primary  energy  from  0.4 
to  2.6  MEV.  This  statement  applies  of  course  to  values  of  T/Tp 
in  the  limited  range  from  about  0.02  to  0.1. 

Thanks  are  due  to  The  American  Philosophical  Society  for  a 
grant  to  Dr.  Arthur  E.  Ruark  which  made  this  work  possible. 
We  are  also  grateful  to  Dr.  Creighton  C.  Jones  for  permission  to 
use  the  photographs  upon  which  the  measurements  were  made; 
and  to  Dr.  Ruark  for  suggestion  of  the  problem  and  for  his  helpful 
advice  throughout  the  investigation.^^ 

"  A  letter  from  Ftofeesor  E.  J.  WiUiams  infoims  us  that  unpublished  work  perfomed 
bj  himself  and  Mr.  Cameron  in  1983,  using  Ra  E  beta  particles,  resulted  in  A-values  of 
about  1.2;  further  details  are  not  now  available. 
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AUTONOMOUS  VERSUS  REFLEXOGENOUS  ACTIVITY  OF 
THE  CENTRAL  NERVOUS  SYSTEM^ 
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Abstbact 

Experiments  are  reported  which  have  produced  conclusive  evidence  in  favor  of 
autonomous,  as  against  refiexogenous,  origin  of  central  nervous  function.  Both  the 
driYB  (automatism)  and  the  pattern  (coordination)  of  central  activity  are  fundamentally 
intrinsic  properties  of  the  centers. 

1.  Differentiated  spinal  cord  of  amphibian  larvae  was  transplanted  under  the  back 
skin  and  connected  with  a  transplanted  limb  as  motor  efifector.  Such  "deplanted" 
isolated  centers,  while  undergoing  structural  disorganization,  exhibit  recurrent  seisures 
of  rhythmic  spontaneous  activity  for  many  months.  Most  parts  of  the  nervous  system 
seem  to  possess  rhythmic  automaticity,  although  this  remains  largely  latent  so  long  as 
the  part  is  connected  with,  and  subordinated  to,  other  centers.  Refl«c  activity  appears 
in  the  deplanted  centers  only  secondarily,  after  the  endogenous  activity  has  been  going 
on  for  some  time. 

2.  The  fact  that  the  central  discharge  patterns  of  coordination,  as  they  self- 
differentiate,  are  laid  down  in  terms  of  sequences  of  individual  muscle  contractions  with 
no  regard  to  the  effectiveness  or  ineffectiveness  of  the  contractions  for  the  animal  as  a 
whole,  is  proved  by  the  development  of  reversed  locomotion  in  animals  of  which  the 
legs  have  been  reversed  in  the  prefunctional  stage.  No  adjustments  are  ever  observed  in 
amphibians. 

3.  The  fact  that  the  basic  self-differentiated  patterns  of  coordination  are  unmodi- 
fiable  even  in  mammals,  is  proved  by  the  permanently  reversed  functioning  of  the  legs  of 
rats  after  tendon  crossing  (Sperry). 

In  conclusion,  the  basic  patterns  of  coordination  are  centrally  preformed,  do  not 
arise  by  trial  and  error,  and  cannot  be  remodeled  by  experience. 

The  useful  operation  of  a  machine  depends  on  two  factors, 
energy  supply  and  a  proper  structural  design  to  transform  and  dis- 
tribute the  energy  appropriately.   The  operation  of  our  nervous 

system  likewise  depends  on  two  factors,  generation  of  nervous 

activity,  and  a  pattern  for  the  selective  distribution  of  that 
activity.  Without  proper  devices  for  coordinated  distribution, 
excitation  produces  mere  convulsions.  Conversely,  without  driving 
force  the  most  appropriately  designed  nervous  mechanism  remains 
an  idling  plant.    Consequently,  when  speaking  of  the  origin  of 

*  Paper  read  at  the  autumn  meeting  of  the  American  Philosophical  Society  in 
Philadelphia. 

*  The  experimental  work  reported  in  this  paper  has  been  aided  by  the  Dr.  Wallace  C. 

and  Clara  A.  Abbott  Memorial  Fund  of  the  tjniversity  of  Chicago  and  by  a  grant  from 

the  Penrose  Fund  of  the  American  Philosophical  Society. 
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norvous  activity,  we  must  split  the  problem  into  one  of  the  drive 
and  one  of  the  pattern  of  action. 

These  are  not  necessarily  of  joint  origin.  The  drive  may  come 
from  without — be  exogenous  to  the  nervous  system, — or  from 
within,  being  automatic.  Impulses,  whether  generated  in  one  way 
or  the  other,  are  then  distributed  according  to  patterns  which  may 
be  inheritedf  that  is,  devised  by  autonomous  law^s  of  the  developing 
nervous  system,  or  individually  acquired,  that  is,  molded  by 
extraneous  influences,  through  practice  and  experience.  External  . 
incentive  versus  automatism,  stimulus-determined  versus  autono- 
mous response, — these  are  the  perpetual  issues  facing  the  student 
of  behavior.  To  decide  among  them,  is  an  empirical  problem  and 
not  one  of  logic.  Therefore,  we  shall  not  enter  into  the  academic 
discussion  which  has  been  carried  on  about  the  subject  by  physi- 
ologists, psychologists,  educators,  and  even  sociologists,  but  merely 
present  some  of  the  modest  earth-bound  efforts  of  the  experimental 
biologist  to  provide  those  discussions  with  a  more  solid  foundation 
of  facts. 

First,  let  us  consider  the  drive  of  the  nervous  system.  For  a 
long  time  physiologists  have  been  partial  to  the  thesis  that  it  is 
basically  exogenous  rather  than  automatic,  reflexogenous  rather 
than  spontaneous.    The  organism  was  represented  as  a  reflex 

machine  with  input,  transformer,  and  output,  and  all  nervous 
activity  was  thought  to  arise  from  a  sensory  stimulus  or  a  chemical 
stimulant  carried  in  the  blood.  The  first  serious  breach  in  the 
pure  reflex  theory  came  witli  the  discovery  that  the  respiratory 
center  continues  to  discharge  rhythmic  bursts  of  impulses  even 
when  completely  isolated.  Spontaneous  discharges  of  this  order 
were  obtained  by  Adrian  and  coworkers  {Adrian  1932)  and  hy 
Broiik  and  Ferguson  (1935)  from  the  respiratory  center  of  verte- 
brates, and  b}'  Adrian  and  by  Prosser  (193())  from  the  ganglia  of 
some  arthropods.  Lately,  the  periodical  fluctuations  of  electrical 
potential  in  the  brain  cortex,  so-called  brain  waves,  have  been 
advanced  as  evidence  of  the  spontaneous  activity  of  this  highest 
nerve  center.^  Yet,  these  cases  could  still  l^e  considered  as 
exceptions  rather  than  the  rule,  so  long  as  all  other  nerve  tissue 
could  be  thought  of  as  devoid  of  spontaneous  activity. 

'  The  fact  that  the  aniphibian  embryo  displays  motor  activities  before  the  sensory 
system  is  developed  {CoghiU  1929)  furnishes  a  strong  argument  in  favor  of  central 
automatism;  however,  occasional  doubts  have  been  raised  regarding  the  concludvenees  of 
this  argument  on  the  grounds  that  the  possibility  of  irritation  of  the  centers  by  substances 
carried  in  the  blood  or  other  body  fluids  was  not  excluded. 
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However,  this  thought  can  no  longer  be  maintained  in  the  light 
of  the  experiments  which  I  am  about  to  report,  and  which  have 
shown  that  the  capacity  for  spontaneous,  rhythmic,  activity  is 
indigenous  to  most  central  nervous  substance,  although  it  takes 
si>ecial  measures  to  bring  it  out.  These  measures  consist  of 
allowing  the  centers  to  undergo  some  degree  of  destruction  and 
degradation.  This  is  achieved  by  a  method  which  we  may  call 
"deplantaUan"  *  Excised  fragments  of  central  nervous  system 
are  embedded  in  a  well-vascularized,  but  otherwise  indifferent, 
tissue.  The  gelatinous  connective  tissue  of  the  dorsal  fin  of 
amphibians  is  excellently  suited  for  this  purpose  (Fig.  1).   A  bit 


Fio.  1.   Deplantation  of  a  fragment  of  spinal  oord  (black)  and  transplantation  of  a 

limb  (stippled)  to  the  dorsal  fin  of  a  salamander  larva.  Within  a  few  weeks  nerves  from 
the  depl&nt  grow  into  the  limb  effecting  functional  connections  with  its  muscles  and 
skin. 

of  brain  or  spinal  cord  deplanted  into  this  tissue  suffers  serious 
disorganization  and  loses  part  of  its  cell  content  by  degeneration. 
The  remaining  part,  however,  survives  and  becomes  functional. 
To  assay  its  activities,  we  provide  the  deplanted  center  with  the 
most  natural  and  adequate  detector,  namely,  a  group  of  muscles: 
We  transplant  a  limb  into  its  vicinity,  taking  care  that  nerve  con- 
nections can  be  established  between  the  two  grafts.  Thus,  we 
produce  an  isolated  complex,  consisting  of  a  deranged  nerve 
center,  a  limb,  and  random  nerve  connections  between  them,  the 
whole  unit  supplied  by  the  common  blood  stream,  but  otherwise 
independent  from  the  host  animal  (P.  Weiss  1940). 

No  sooner  have  the  nerve  fibers  from  the  deplanted  center 

*  Przibram  (1930)  defines  "deplantation"  as  any  "insertion  of  a  removed  part  in  a 
different  location."  In  the  more  restricted  sense  in  which  we  propose  to  use  the  term, 
however,  it  connotes  a  marked  degradation  of  organization  suffered  by  a  part  which  has 
been  transplanted  into  an  atypical  location. 
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united  with  the  muscles  of  the  Hmb  graft,  than  the  latter  begins 
to  register  almost  incessant  spontaneous  activitij.  Without  any 
external  stimulus,  in  a  perfecth^  quiescent  host  body,  the  grafted 
center  discharges  into  the  hmb  in  intermittent  spells  which  raiip;e 
from  continuous  arhythmic  fibrillations  to  strong  synchronized 
pulses  of  a  fairly  regular  rhythm  of  from  20  to  90  per  minute. 
Frequently  a  seizure  begins  with  weak  irregular  twitches  and 
gradually  builds  up  in  strength  to  violent  and  more  synchronized 
activity  during  which  the  limb  muscles  beat  in  unison  at  fairly 
regular  intervals.  The  seizures  come  and  go  for  weeks,  continuing 
uninterrupted  for  hours,  and  the  whole  phenomenon  has  been  seen 
to  last  for  as  much  as  5  months,  which  was  as  long  as  the  animals 
were  kept.  The  fact  that  the  observed  activity  really  originated 
within  the  deplanted  centers,  was,  of  course,  established  beyond 
doubt  by  a  variety  of  checks. 

Reflex  responses  to  touch  also  appear,  but  not  until  many  weeks 
after  the  onset  of  spontaneous  activity.  Hence,  the  preceding 
pulsating  activity  is  definitely  of  automatic  and  not  of  reflex  origin. 
It  has  been  obtained  thus  far  from  the  following  variety  of  grafts 
(P.  Weiss  1941):  spinal  cord  from  any  region  and  of  any  length; 
medulla  oblongata;  spinal  cord  slashed  or  minced  and  then  im- 
planted as  a  single  lump;  spinal  cord  from  larvse  as  well  as  from 
adults;  fragments  from  purely  ventral  or  purely  dorsal  sectors  of 
the  spinal  cord,  which  is  particularly  remarkable  in  view  of  the 
fact  that  the  dorsal  half  contains  no  motor  cells,  and  the  ventral 
half  no  sensory  elements. 

The  constancy  of  the  phenomenon  under  such  a  variety  of 
conditions  intimates  that  we  arc  dealing  with  a  fundamental 
capacity  of  all  nerve  substance  which  is  manifested  as  soon  as  the 
more  specialized  superstructure  of  anatomical  and  functional 
relations,  present  in  the  normal  developed  nervous  system,  has 
broken  down.  The  close  connection  between  derangement  and 
the  emergence  of  automatic  seizures  can  be  directly  demonstrated 
(P.  Weiss  1941).  If  a  spinal  limb  center  and  the  corresponding 
limb  are  deplanted  together  under  careful  preservation  of  their 
nerve  connections  (Fig.  2),  orderly  reflexes  are  obtained  immedi- 
ately after  the  operation  and  during  the  following  days.  Gradu- 
ally, however,  the  reflex  responses  become  cruder,  protracted,  and 
generally  disorganized.  Significantly,  pari  passu  with  this  de- 
terioration, spontaneous  activity  makes  its  appearance. 
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Supported  by  histological  evidence,  we  may  consider  our  de- 
plants  as  neurone  pools  in  which  the  typical  organization  has 
given  way  to  a  random  make-up.  Such  a  random  neurone  pool, 
however,  exhibits  many  of  the  functional  properties  of  centers 
which  we  have  been  used  to  attribute  to  a  definite  and  minutely 
arranged  neurone  architecture.  Its  discharges  are  rhjrthmic,  and 
the  participating  elements  tend  to  become  synchronized  with 
increasing  intensity  of  the  reaction.  A  certain  analogy  to  the 
heart  beat  is  obvious,  and  one  wonders  whether  a  pacemaker 
mechanism  or  some  mutual  induction  among  the  elements  is  re- 
sponsible for  the  synchronization;  but  this  is  for  the  future  to 


decide.  We  are  left  with  the  impression  that  something  is  con- 
stantly being  built  up  in  the  centers  whicli,  upon  reaching  a  certain 

threshold  value,  gives  rise  to  a  discharge,  whereupon  a  new  cycle 
begins.  Again,  whether  that  something  consists  of  an  electro- 
static field,  or  metabolites,  or  something  else,  only  the  future  will 
tell  with  certainty.  Our  preparations  lend  themselves  readily  to 
a  further  investigation  of  these  problems. 

The  reflexes  obtained  from  our  neurone  pools  show  some 
typical  attributes  of  normal  reflex  action,  namely,  graded  response, 
spatial  summation,  temporal  summation,  and  fatigue.  In  addition 
to  releasing  motor  responses,  afferent  impulses  also  seem  to  lower 
the  excitability  of  the  whole  pool,  which  often  results  in  a  burst  of 
spontaneous  activity  trailing  the  reflex. 


58 


PAUL  WEISS 


In  view  of  the  random  character  of  our  pools,  their  functional 
properties  will  have  to  be  explained  on  purely  statistical  assump- 
tions. If  we  assume  that  the  thresholds  of  the  cell  population  are 
distributed  according  to  mere  chance,  the  numbers  of  cells  in  each 
threshold  class,  plotted  against  thresholds,  would  form  a  normal 
distribution  curve  (Fig.  3).    Since  an  afferent  input  of  given 
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Fig.  3.  Normal  distribution  of  the  units  of  a  neurone  pool  according  to  threshold 
classes,  on  the  assumption  that  constitutional  threshold  variations  are  of  random 
character. 

Fig.  4.  Area  enclosed  by  the  curve  of  Fig.  3  (in  arbitrary  units)  plotted  against  the 
individual  threshold  values.   This  curve  follows  within  its  middle  range  (marked  by  a 

black  bar)  a  nearly  linear  course.  Since  this  range  includes  almost  90  per  cent  of  all 
elements  present,  it  follows  that  every  stepping  up  of  the  sensory  effort,  either  by  increase 
of  the  peripheral  stimulus  or  by  spatial  or  temporal  summation,  produces  a  corresponding 
increase  in  the  number  of  discharging  efferent  units. 


strength  will  activate  all  elements  of  the  corresponding  and  lower 
thresholds,  the  number  of  discharging  elements  is  expressed  by  the 
area  of  the  binomial  function  up  to  that  threshold  value.  Since 
the  curve  representing  the  integral  of  the  binomial  function  is  in  the 
major  part  of  its  course  sufficiently  close  to  a  straight  line  (Fig.  4), 
we  reaUze  that  in  a  random  pool  of  neurones  there  will  be  some 
proportionality  between  sensor\  input  and  response.^  The  impli- 
cations of  this  thought  for  the  physiology  of  the  normal  nervous 
system  are  obvious,  but  have  not  yet  been  followed  up  in  detail. 

*  What  the  observations  have  thus  far  established,  is  only  an  estimated  gross 
proportionality  between  stimulus  and  effect;  but  whether  this  proportionality  follows  a 

linear  or  some  other  function  has  not  been  ascertained  and  will  remain  unknown  until 
quantitative  tests  have  been  ajiplied.  We  merely  intend  to  show  that  approximate 
linearity  would  bear  out  the  randomness  of  the  neurone  distribution  in  the  pool. 
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The  intensity  of  spontaneous  activity  fluctuates  with  the 
c<jrnposition  of  the  blood  of  the  host  animal.  Changes  in  the  blood 
produced  by  light  exercise  of  the  body  cause  a  marked  increase  in 
the  excitability  of  the  deplants,  which  expresses  itself  in  increased 
spontaneous  activity  and  lower  reflex  thresholds.  Whether  an- 
oxemia, acidity,  carbondioxide,  or  metabolites  are  involved,  has 
not  yet  been  determined.  This  sensitizing  effect  is  often  sufficient 
to  start  a  temporarily  quiescent  deplant  off  on  a  spell  of  activity. 
Observations  like  these  suggest  that  the  cyclic  process  underlying 
the  rhythmic  spontaneous  discharges  is  actually  going  on  in  the 
neurone  pool  all  the  time,  whether  a  discharge  appears  or  not. 
An  effective  discharge  will  result  only  if  the  process  reaches  a 
critical  threshold  intensity.  Otherwise  it  merely  conditions  the 
nerve  cells  so  that  they  can  go  off  under  such  additional  stimuli 
as  may  come  in  from  other  sources,  provided  the  total  sum  adds 
up  to  threshold  intensity. 

Viewed  in  this  light,  the  endogenous  pulse  of  a  nerve  cell  be- 
comes of  fimdamental  importance  for  nervous  activity,  even  when 
it  does  not  register  immediately  as  a  visible  motor  efife'ct.  And 
instead  of  regarding  spontaneous  activity  as  an  exceptional  mani- 
festation of  cortex,  respiratory  center,  and  insect  ganglia,  we  may 
have  to  concede  it  to  all  nerve  substance.  Then,  of  course,  the 
question  arises  as  to  what  causes  it  to  remain  latent  in  most  of 
the  normal  centers.  We  do  not  know  the  answer,  but  our  experi- 
ments suggest  that  the  repressing  effect  is  somehow  tied  up  with 
the  normal  organization  of  the  centers,  and  disappears  with  the 
latter.  In  this  connection  we  may  point  to  the  striking  re- 
semblance between  the  seizures  of  our  deranged  deplants  and 
epileptiform  seizures  in  human  patients.  It  will  be  interesting  to 
examine  whether  this  resemblance  is  purely  superhcial  or  really 
pertinent. 

Let  us  now  turn  to  the  second  point  of  our  program  the 
patterns  of  nervous  activity.  Are  they  of  central  or  of  extraneous 
origin?  Recent  experiments  have  given  an  incontrovertible 
answer.  The  patterns  underlying  the  basic  acts  of  behavior  of  an 
animal  are  developed  by  self -differentiation  within  the  centers, 
without  experience,  and,  indeed,  sometimes  in  spite  of  experience. 

Coordinated  locomotion  requires  that  the  muscles  be  engaged 
in  a  definite  chronological  order.  The  correct  timing  and  dosing 
of  the  individual  contractions  is  all  that  distinguishes  the  harmony 


60 


PAUL  WEISS 


EL  * 
Aft  • 

DC  t 
0m  • 

K  a 
Ek  • 


> 

3  4 

i  1 

Figs.  5  an^d  0.  Diagniins  indicating  the  "scores"  of  muscle  action  in  the  fore- 
limbs  during  a  single  step  of  a  walking  salamander,  as  reconstructed  from  motion 
pictures. 

Fig.  5.    Normal  animal. 

Fig.  6.  Kxperimental  animal  with  reversed  fore  limbs.  Only  six  main  muscle 
groups  are  recorded:  elevators,  abductors,  depressors,  and  adductors  of  the  upper  arm; 
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of  the  gait  from  the  discord  of  a  convulsion.    The  muscles  arc 
played  by  the  centers  according  to  a  definite  "score,"  like  an 
orchestra  (Fig.  5).    Now,  previous  experiments  (P.  Weiss  1936) 
have  shown  that  the  muscle  scores  for  locomotion  are  laid  down  in 
the  centers  in  terms  of  the  individual  muscles,  muscle  for  muscle, 
and.  that  these  scores,  at  least  in  the  lower  vertebrates,  are  fixed 
and  inaccessible  to  reconditioning  by  experience.    If,  for  instance, 
we  disarrange  the  muscles  so  as  to  make  their  play  3deld  incon- 
gruous effects,  the  centers,  nevertheless,  continue  to  call  them 
into  action  according  to  the  old  score,  as  before;  and  they  never 
learn  to  do  better.   The  most  extreme  case  is  illustrated  by  the 
following  experiment  on  salamanders  (P.  Weiss  1937).    A  limb  is 
replaced  by  its  counterpart  from  the  opposite  side.   This  amounts 
to  reversing  the  position  of  the  flexor  and  extensor  muscles  with 
regard  to  the  body  as  a  whole  (Fig.  6).   The  central  nervous 
system,  however,  persists  in  sending  out  the  impulse  pattern  in 
the  old  order  meant  for  the  normal  arrangement,  and,  consequently, 
such  animals  with  reversed  limbs,  when  l)ent  on  forward  loco- 
motion, actually  move  backward,  and  when  intending  to  retreat, 
actually'  advance  (Fig.  6).    In  spite  of  their  predicament,  the 
animals  have  never  been  able  to  adjust  their  coordination  to  the 
new  situation.    There  is  no  trace  of  reeducation,  and  the  scores 
of  coordination,  once  established,  prove  unmodifiable. 

Since  coordination  cannot  be  relearnt,  it  seems  unlikely  that  it 
should  have  been  learnt  in  the  first  place.  Nevertheless,  a  crucial 
test  had  to  be  made,  and  this  was  done  by  reversing  the  muscula- 
ture in  the  early  larval  stage,  before  there  had  been  any  function. 
When  such  animals  later  take  up  ambulation,  the  limbs  again 
move  in  reverse,  and  do  so  throughout  life.  In  other  words,  the 
central  nervous  system  discharges  according  to  the  score  for  a 
normal  unreversed  limb,  although  it  has  never  had  a  chance 
actually  to  operate  a  normal  limb,  as  none  is  present. 

This  is  definite  proof  that  the  basic  patterns  of  coordination 
self-differentiate  within  the  central  nervous  system.   They  differ- 

flexore  and  extensore  of  the  fore-arm.   The  position  of  these  muscles  is  indicated  in  the 

inset.  The  record  for  the  left  Hmb  is  on  top  and  that  for  the  right  hmb  at  t)ie  bottom  of 
each  diagram.  In  the  center  seven  phases  of  the  actual  movement  of  the  animal  are 
presented  in  dorsal  and  rear  views;  the  points  in  which  the  hand  is  put  down  on  the 
ground,  and  which  serve  as  pivotal  points  for  the  body  during  the  subsequent  phase  of 
movement,  are  marked  by  circles. — The  "scores"  are  identical  for  the  normal  (Fig.  5) 
and  reversed  (Fig.  6)  limbs,  but,  in  the  latter  case,  result  in  a  backing  movement. 
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entiate  into  what  would  be  the  correct  score  for  a  normal  limb, 
regardless  of  whether  or  not  the  movements  which  they  produce 
will  actually  be  of  service  to  the  animal.  This  does  not  preclude 
learning  by  experience  in  lower  vertebrates  altogether.  It  merely 
specifies  that  the  learning  process  must  avail  itself  of  the  basic 
preformed  patterns  of  performance;  learning  may  be  able  to 
facilitate,  suppress,  dissociate  or  rearrange  combinations  of  existing 
patterns,  but  it  cannot  break  the  individual  patterns  down  and 
reconstruct  or  remodel  them  to  suit  emergency  situations. 

In  view  of  these  results  on  lower  vertebrates,  a  re-investigation 
of  the  situation  in  higher  mammals  became  imperative;  for  ^'natura 
non  facit  saltum."  A  student  of  mine,  Mr.  Sperry,  was  charged 
with  exploring  in  the  rat  the  effects  which  crossing  of  the  tendons 
of  antagonistic  foot  muscles  would  have  on  locomotion  {Sperry 
1940).  Each  muscle  pulling  on  the  wrong  side  of  the  skeleton 
(Fig.  7),  at  first,  of  course,  produced  effects,  wliich  were  the  reverse 


NORMAL  TRANSPOSED 

Fia.  7.  Transposition  of  the  tendons  of  the  leg  musrics  in  the  rat  so  as  to  reverse 
the  mechanical  action  of  these  muscles  (after  Sperry).  TA,  anterior  tibial  muscle; 
BDL,  long  extensor  of  the  digits;  LG,  lateral  gastrocnemius.  (AH  other  muscles 
removed.) 

from  what  the  animal  intended.  But  according  to  the  literature  a 
gradual  recovery  of  normal  function  should  have  been  expected. 
No  such  readjustment,  however,  occurred  even  under  most  crucial 
training  conditions,  the  muscles  maintaining  their  reversed  play 
(Fig.  8)  throughout  life.  Basic  coordination  patterns  are  as  fixed 
in  the  rat  as  they  are  in  amphibians,  and  experience  can  have  had 
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no  part  in  their  establishment.  The  same  is  presumably  true  of 
higher  mammals. 

But  how  about  man?  Do  we  not  know  from  innumerable 
experiences  of  surgeons  that  a  patient  whose  paralyzed  muscles 
have  been  substituted  by  healthy  muscles  of  different  function, 
gradually  learns  to  put  the  new  combination  of  muscles  to  good 
use  in  walking  and  other  performances?  Jointly  with  our  Ortho- 
pedics Department,  we  are  conducting  at  present  a  thorough  re- 
investigation of  this  whole  problem.  But  even  on  the  basis  of 
our  present  knowledge,  it  seems  safe  to  predict,  that  whenever  a 
patient  learns  to  use  a  muscle  in  a  different  sequence  than  that 
provided  for  in  the  inherited  pattern  of  gait,  this  learning  act  is  on 


r 


Fig.  8.  Foot  action  in  the  extension  phase  of  a  movement.  (After  Sperry.) 
(a)  Rat  the  tendons  of  which  were  severed  and  resutured  without  crossing;  plantar 
flexion  of  foot.  (6)  Rat  with  crossed  tendons;  reversal  of  foot  movement,  i.e.,  dorsal 
flexion. 

the  same  level  as  the  learning  of  trick  movements  or  other  skills; 
in  other  words,  it  is  a  new  performance,  not  a  remodeled  old  one. 
Voluntary  effort  of  the  cortex  can  do  these  things  which  lower 
vertebrates  cannot  do.  While  even  conscious  effort  cannot  recon- 
dition the  basic  inherited  patterns  of  coordination,  it  can  learn  to 
supersede  them  by  novel  ones,  which  will  last  so  long  as  the  cortex 
acts,  obscuring,  but  not  abolishing,  the  lower  autonomous  patterns. 
Apparently,  mammals  have  acquired  the  ability  to  engage  muscles 
in  arbitrary  combinations  only  during  fairly  recent  stages  of  their 
evolutionary  course.  This  fact  is  significantly  reflected  in  the 
increasing  prominence  which  the  pyramidal  (cortico-spinal)  system 
has  gained  in  higher  mammals:  through  this  tract  the  cortex  can 
activate  spinal  motor  neurones  directly  by  a  short  cut  around  the 
hierarchy  of  subcortical  mechanisms  which  operate  the  inherited 
patterns. 
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Coordination  by  experience,  therefore,  is  a  secondary,  and 
liighly  specialized,  affair.  All  prima r\'  coordination  exists  by 
predesign,  established  in  the  pre-functional  phase  of  neurogenesis, 
independent  of,  and  unresponsive  to,  experience. 

In  summarizing,  we  recognize  that  the  nervous  system,  far 
from  playing  the  passive  role  which  at  times  has  been  attributed 
to  it,  provides  part  of  its  drive  and  part  of  its  patterns  of  action 
from  its  own  inherited  resources.  Automatism,  though  manifesting 
itself  under  normal  conditions  only  in  certain  kinds  of  centers 
(respiratory  center,  arthropod  ganglia),  may  yet  exist  in  all  centers 
as  a  conditioning  mechanism,  disposing  for  discharge,  rather  than 
actually  discharging,  central  neurones.  And  autonomy  must  be 
conceded  at  least  to  the  basic  patterns  of  performance  of  all 
animals  from  the  lowest  to  the  highest. 
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{Read  Nov.  S2,  1940) 

Between  ileud  bone  an<l  muscle  there  is  clearly  the  greatest  possible  contrast  in 
responaiTenefls  to  Btimuli.  However,  it  has  long  been  known  that  the  trabecuUe  of 
the  upper  end  of  the  femur  are  directed  in  lines  so  as  to  resist  the  woiglit  of  the  body 
most  efficiently  with  the  least  expenditure  of  material.  It  has  been  shown  that  if 
after  a  break  the  bone  is  set  badly  new  trabeculae  are  formed  to  meet  the  new  direc- 
tion of  the  thrusts  upon  the  bone.  A  study  of  the  X-rays  of  the  bones  in  the  foot 
afford  new  and  striking  cvidonce.  The  lu'ol  bone  of  a  normal,  walking  person  is 
shown  to  contain  dark  lines,  rods  or  trabecule,  the  direction  of  which  is  in  line  witli 
that  of  thruBts  and  pulls  upon  the  bone.  In  a  20-year-old  girl  who,  through  birth 
injuries,  has  never  walked,  the  heel  bone  is  still  formed  roughly  in  the  normal  shape 
but  is  without  the  properly  directed  trabeculffi.  In  the  heel  bone  of  a  girl  of  20 
years,  who  walked  until  10  years  of  age,  but  who  has  been  bedridden  since,  the  heel 
bone  has  a  nearly  normal  form,  but  only  a  few  directed  trabeeultB. 

The  conclusion  seems  to  be  justified  that  the  bone-forming  cells  respond  to  direc- 
tive thrusts  and  puUs  made  upon  normally  functioning  bones  by  forming  the 
trabeenlsB  in  adaptative  positions.  Thus  the  bone  cells  are  as  truly  responsive  as 
nrasde  cells.  The  difference  between  the  two  kinds  of  cells  is  this :  The  muscle  cells 
are  constructed  to  respond  to  stimuli  by  contracting  and  the  bono  cells  to  respond  by 
supporting,  or  rather,  building  structures  that  shall  resist  blows  or  pulls.  The  bony 
cells  are  as  truly  responsive  as  the  muscle  cells  but  respond  to  a  different  group  of 
stimuli  and  in  a  differmt  way. 

Popularly  considered,  there  is  the  greatest  possible  contrast 
in  responsiveness  between  muscle  and  bone.  Under  the  stim- 
nlus  of  an  electric  potential,  whether  applied  outside  the  body 
or  from  a  nerve  in  the  living  active  individual,  the  muscle  con- 
tracts. The  response,  if  any,  in  the  bone  is  less  obvious.  It 
has,  however,  for  70  years  been  known  that  during  its  develop- 
ment the  thigh  bone  shows  in  its  structure  evidence  of  some- 
thing like  adaptive  response  (Meyer,  1867;  Wolff,  1870).  The 
weight  of  the  body  (in  extreme  cases  300  pounds)  is  carried  by 
the  head  of  the  femur  and  transferred  through  the  neck,  3  cm. 
in  length,  to  the  shaft  of  the  femnr.  If  the  femur  were  solid 
hard  bone  it  could  easily  carry  this  weight,  but  at  the  expense 
of  a  large  amount  of  material  and  increase  of  the  weight  of  the 

*  Acknowledgment  is  made  of  assistance  from  the  Penrose  l-'und  of  the  American 
Philoaophieal  Society  in  preparation  of  this  paper;  also  from  the  Carnegie  Institution 
of  Washington  and  Department  of  Mental  Hygiene,  State  of  New  York. 
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bone.  Actually,  the  interior  of  the  head  and  neck  of  the  femur 
is  made  up  of  a  trestle  work  consisting  on  the  one  hand  of  plates 
which  transfer  the  pressure  on  top  of  the  head  to  the  shaft  of 
the  femur  and,  secondly,  of  plates  or  rods  which  tie  the  first  set 
to  the  opposite  face  of  the  femur,  as  though  better  to  distribute 
the  pressure.  A  third  set  of  plates  strengthens  the  second.  It 
was  long  ago  shown  by  an  engineer  (Culmann)  that  these  plates 
are  laid  down  in  accordance  with  the  engineering  rules  of 
graphical  statics.  Fig.  1.  The  problem  has  then  arisen :  In  what 
manner  are  the  bone-forming  cells  guided  in  forming  these  rods 
in  the  appropriate  positions! 


Fig.  1.  Left:  Median  section  of  the  upper  end  of  the  femur  showing  lines  of 
bony  rods  in  spongy  tissue.  Right:  Statical  diagram  of  lines  of  force  when  weight 
is  applied  at  the  top  of  the  head  of  the  femur,  as  drawn  by  an  engineer. 

It  has  also  been  shown  that  if  the  shaft  of  the  femur  of  a 
normal  person  is  broken  and  subsequently  the  parts  are  badly 
knit  together  so  that  the  shaft  is  bent  at  an  angle  then  the  direc- 
tion of  the  plates  in  the  head  and  neck  is  redistributed.  Evi- 
dently the  old  plates  are  torn  down  and  new  ones,  better  suited 
to  meet  the  statical  conditions  now  imposed,  are  formed. 

Roux  (1865)  classified  the  above  described  phenomenon  un- 
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der  the  head  of  functional  adaptation  without  going  much  fur- 
ther into  the  interpretation. 

x\dditional  light  upon  the  interpretation  of  this  condition  is 
thrown  by  observations  I  have  been  able  to  make  upon  the  feet 
of  some  living  children  in  the  third  decade  of  life.  These  ob- 
servations are  a  sort  of  by-product  of  a  study  financed  in  part 
by  the  Penrose  Fund  of  the  American  Philosophical  Society. 

Figure  2  shows  the  radiograph  of  a  normal  walking  person. 
The  heel  bone  shows  numerous  dark  lines  which  are  the  bony 
rods  that  continue  the  lines  of  pull  of  certain  muscles  and 


Fig.  2.  Heel  bone  of  a  normal  walking  person.  Heel  bone  (H)  shows  numerous 
(dark)  bony  rods  that  resist  the  blows  and  pulls  upon  it.  Muscles  and  ligaments  lie 
approximately  in  the  position  of  the  labels  or  are  attached  as  indicated. 

tendon.s  and  the  blows  that  the  heel  bone  receives  in  walking. 
At  the  upper  part  of  the  heel  bone  is  attached,  just  below  the 
notch,  the  muscle  known  as  quadratus  plantae.  This  is  the 
muscle  which  serves  to  maintain  the  bony  arch  of  the  foot.  It 
is  the  muscle  that  becomes  flacid  when  not  used  so  that  its  func- 
tion has  to  be  replaced  in  some  unfortunate  persons  by  a  steel 
arch  in  the  shoe.  From  the  point  of  attachment  bony  rods  are 
seen  running  across  the  heel  bone  to  support  the  pull  of  the 
muscle.  Below  the  quadratus  muscle  is  the  long  plantar  liga- 
ment which  ties  together  the  arch  of  the  foot  fore  and  aft  to 
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prevent  its  extreme  distension.  It  is  attached  along  a  centi- 
meter or  two  of  the  heel  bone  and  the  bony  plates  here  are  most 
nmnerous  and  strongest  of  all.  Still  below  is  the  muscle  that 
abducts  the  toes  and  in  this  case  also  the  attachment  is  indi- 
cated by  bony  plates.  The  area  of  attachment  of  this  muscle 
reaches  down  to  the  so-called  anterior  tubercle  of  the  heel  bone 
to  which  the  front  end  of  the  walking  pad  is  attached.  From 
this  anterior  tubercle  to  the  posterior  tubercle  is  the  region 
which  receives  the  blows  of  the  pavement  and  from  this  region 
bony  rods  run  forward  to  attach  to  the  largest  bone  of  the 
tarsus,  the  talus.  Into  the  hind  tubercle  is  inserted  the  tendon 
of  Achilles,  which  runs  upward  into  a  prominent  calf  muscle 
that  lifts  the  heel  in  walking.  From  the  area  of  insertion  of  this 
tendon  bony  rods  run  downward  and  forward  toward  the  an- 
terior tubercle.  Finally  there  is  a  ligament  which  unites  the 
heel  bone  with  the  tibia,  or  shin  bone,  and  the  stresses  of  this 
ligament  are  resisted  by  a  complicated  set  of  rods  irradiating 
from  the  center  of  the  thrust. 

Figure  3  shows  radiographs  of  a  child  of  20  years  who  has 


Fig.  3.  Ileel  bone  (H)  of  a  child  of  20  years  who  has  never  walked.  Bone  im- 
Iterfectly  shaped;  has  a  few  irregular  rods. 

never  walked.^  The  history  as  obtained  by  personal  investi- 
gation is  conclusiv^e  on  this  point.  One  notes  that  the  heel  bone 
is  formed.  This  much  has  an  hereditary  or  genetical  basis. 
One  notes  too  that  the  anterior  tubercle  is  formed  and  that  there 
is  a  hollow  above  it  to  which  the  ligaments  and  muscles  are  at- 
tached. The  shadows  of  such  can  be  seen  in  the  radiograph. 
Also  the  posterior  tubercle  is  formed  and  no  doubt  the  tendon 

1  Weidcnreicli  (1922)  refers  to  a  somewhat  similar  ease. 
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of  Achilles  is  there  also.  This  much  has  apparently  been  de- 
veloped independently  of  the  functioning  of  the  bone.  If,  how- 
ever, one  looks  at  the  structure  of  the  bone  one  finds  first  that 
the  rectangular  system  of  resisting  rods  is  hardly  represented 
or,  at  best,  only  by  fine  lines  forming  an  irregular  web,  but  not 
in  the  line  of  direction  of  the  pulls  as  found  in  walking  children. 
One  may  say  that  the  regular  rods  that  are  normally  present 
are  formed  only  in  response  to  stresses ;  no  stresses  no  rods. 
Figure  4  shows  a  radiograph  of  the  heel  bone  of  a  girl  of 


Fia.  4.  Heel  bone  (H)  of  a  girl  of  20  years  who  walked  until  10  years  of  age 
but  has  been  bedridden  since.  The  bone  has  a  nearly  normal  outer  form  but  only 
a  few  rods. 


20  vears  who  walked  until  she  was  10  vears  old  but  has  been 
bedridden  since.  The  bone  has  a  nearly  normal  outer  form. 
The  tubercles  are  well  developed  and  the  embayment  abov^e  the 
anterior  tubercle  affords  ample  room  for  the  ligaments  and 
muscles  that  are  attached  there.  One  may  say  that  the  genetical 
factors  involved  in  the  production  of  the  normal  form  of  the 
bone  have  been  assisted  by  the  temporary  act  of  walking. 

However  an  examination  of  the  bonv  rods  in  the  interior  of 
the  bone  show  that  they  are  feebly  developed.  There  are  a  few 
rods  which  run  from  the  attachment  of  the  plantar  muscles  and 
ligaments  and  there  are  some  vertical  rods  which  receive  the 
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pull  of  the  calcaneo-fibular  ligament,  and  a  few  feeble  ones  that 
would  resist  the  pressure  of  the  heel  on  the  pavement.  But,  on 
the  whole,  the  system  of  bony  rods  is  vastly  reduced.  We  con- 
clude then  that  a  system  of  rods  once  formed  in  response  to  the 
functioning  of  the  heel  and  foot  has  been  largely  resorbed  in  the 
course  of  years  during  which  the  foot  has  not  functioned. 

The  conclusion  from  these  radiographs,  a  conclusion  which 
is  supported  by  a  considerable  number  of  others,  is  that  in  the 
formation  of  bony  plates  the  bone  is  responsive  to  the  stimulus 
of  stress.  Just  as  the  muscle  responds  to  stimulus  by  contrac- 
tion so  the  amceboid  bone-forming  cells  of  the  heel  bone  respond 
by  forming  rods  in  appropriate  position  to  resist  the  stresses 
applied  to  the  surface  of  the  bone.  The  business  of  the  muscle 
is  to  contract  when  called  upon  to  do  so ;  the  business  of  the  bono- 
forminfj:  cells  is  to  atTord  support  when  called  upon  to  do  so. 
Our  false  idea  of  the  rigidity  of  bone  is  based  upon  the  dried 
specimens  that  we  see  in  museums.  These  are  not,  physio- 
logically speaking,  bones,  but  only  the  skeletons  of  bones. 

Just  how  the  bone-forming  cells  are  ca])able  of  responding 
to  the  stress  of  the  muscles  by  forming  rods  is  obscure,  just  as 
the  mechanism  by  which  an  electric  potential  applied  to  a  muscle 
leads  to  contraction  is  obscure.  Possibly  pressure  applied  to 
the  surface  of  a  honey-combed  viscous  mass  is  transmitted  in 
pressure  lines  through  that  mass.  x\ppaiently  the  amoeboid 
cells  in  the  living  bone  respond  to  these  lines  of  pressure  just 
as  a  living  amoeba  responds  to  contact  with  threads  of  algae  or 
glass  hairs  in  the  medium  in  which  it  is  moving,  or  as  fish  orient 
themselves  in  the  flowing  stream. 

So  we  reach  the  conclusion  that  bone  is  just  as  responsive  to 
stimuli  in  its  way  as  muscle  is  in  its  way. 
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Abstract 

The  history  of  the  concept  of  natural  selection  has  generally  been  traced  back 
through  the  personal  development  of  Charles  Darwin  to  Thomas  Malthus,  whose 

Es.satf  on  (he  Principles  of  Pvpviation  gave  Darwin  the  clue  which  led  him  to  formulate 
the  doctrine.  Actually  the  conception  of  natural  selection  is  very  old,  although  originally 
it  was  not  used  to  explain  the  origin  of  new  species  (evolution)  but  to  account  for  the 
existence  of  adaptation.  The  survival  of  the  fit  organism,  of  course,  implies  the  survival 
of  fitness  itself,  and  thus  natural  selection  can  serve  as  an  alternative  explanation  of 
those  facts  which  are  generally  cited  as  evidences  of  teleology.  Natural  selection  was 
med  for  this  purpose  by  Empedocles  (400  B.C.),  Lucretius  (99-55  b.c),  Diderot  (1749), 
Blaupertius  (1756),  and  Geoffrey  St.  llillaire  (1833);  but  it  wa.s  specifically  rejected  in 
favor  of  teleology  by  Aristotle  (384-321  b.c),  T^ctantius  (260-340  a.d.),  St.  .Mbertus 
Magnus  (1236),  and  Whewell  (1833).  Natural  selection  was  used  to  explain  organic 
evohition  by  Wells  (1813),  Matthews  (1831),  Darwin  (1858),  and  Walhice  (1858). 

Xs  an  explanation  of  evolution,  natural  selection  involves  a  number  of  distinct 
though  subordinate  propositions,  such  as  the  existence  of  heritable  variations,  of  popu- 
lation pressiure,  of  a  struggle  for  existence  and  the  consequent  survival  of  the  fit  or 
better  adapted.  A  number  of  philosophers  and  nakffaUsts  recognised  the  validity  of 
one  or  more  of  these  propositions  without  however,  gaining  any  clear  conception  of 
the  implications  of  the  whole  doctrine.  One  such  component,  population  pressure,  was 
described  by  Hale  (1677),  Buflfon  (1751),  Benjamin  Franklin  (1751),  Bonnet  (1764), 
Monboddo  (1773),  Herder  (1784),  Smellio  (1790),  Malthas  (1798),  Prichard  (1808), 
Wells  (1813),  Matthews  (1831),  De  CandoUe  (1833),  Lyell  (1833),  Geoffrey  St.  Hillaire 
(1833),  and  Spencer  (1852).  The  struggle  for  eidstence  was  described  by  al-J&his 
(9th  cent.),  Hobbes  (1651),  Hale  (1677),  BufFon  (1751),  Monboddo  (1773),  Kant  (1775), 
Herder  (1784),  Smellie  (1790),  Erasmus  Darwin,  (1794)  Wells  (1813),  De  CandoUe 
(1832),  Lyell  (1833),  and  Spencer  (1852).  Several  eighteenth  and  nineteenth  century 
seicntista  almost  grasped  the  ftdl  significance  of  natural  selection  but  just  failed  to 
recognize  all  of  its  implications.  Among  these  were  Rousseau  (1749),  Prichard  (1808, 
1826),  Lawrence  (1819),  Geoffrey  St.  HUlaire  (1833),  Herbert  (1837),  Spencer  (1852), 
aad  Naudin  (1852). 

Before  the  end  of  his  life  Charles  Darwin  realized  that  he  had 
become  an  important  figure  in  nineteenth  century  biology  and  so, 
in  spite  of  his  innate  modesty,  he  answered  frankly  the  many 
personal  questions  his  friends  asked.  His  contemporaries  also 
realized  his  significance  and  they  preserved  a  great  many  of  his 
letters  most  of  which  have  now  been  made  public.  Darwin 
himself  contributed  an  autobiographical  chapter  to  the  biography 
written  by  his  son,  Francis,  and  during  the  last  half  century  he 
was  made  the  subject  of  so  many  biographies,  recollections  and 
appraisals  that  we  know  more  about  him,  perhaps,  than  we  do 
about  any  other  scientist. 
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Darwin  was  particularly  careful  in  describing  just  how  he  got 
the  idea  of  natural  selection.  Through  his  observations  of  animal 
distribution  made  while  he  was  on  the  four  year  voyage  of  the 
Beagle  he  was  led  to  the  conclusion  that  species  were  not  constant 
units.  He  was  also  greatly  impressed  by  the  changes  which 
artificial  selection  could  make  in  domestic  animals  and  he  needed 
only  to  discover  some  selecting  agency  in  nature  to  explain  how 
new  species  could  come  into  being.  As  a  result  of  reading  Malthus' 
Essay  on  the  Principles  of  Population  in  1838,  he  became  convinced 
that  Nature  herself  was  such  an  agent.  In  as  much  as  Alfred 
Russel  Wallace,  who  independently  discovered  natural  selection, 
was  also  led  to  its  discovery  by  reading  Malthus'  Essay,  natural 
selection  has  generally  been  regarded  as  an  outgrowth  of  the 
Malthusian  doctrine.  Thus  the  most  widely  accepted  explanation 
of  organic  evolution  is  considered  by  many  to  be  derived  from  a 
particular  set  of  social  theories,  and  biology  becomes  indebted  to 
the  social  sciences  for  its  outstanding  contribution  of  the  nineteenth 
century. 

Recentl}^  this  derivation  of  natural  selection  has  acquired  an 
increased  prominence,  particularlj^  in  the  United  States,  where 
the  social  significance  of  practically  everything  receives  attention. 
Cowles  ^  traced  the  theory  of  natural  selection  from  Darwin  back 
to  Malthus  and  forward  again  to  Walter  Bagehot.  Here  he 
pictured  the  concept  as  transferred  from  sociology  into  biology, 
where  it  was  added  to  and  modified,  and  then  back  to  sociology, 
both  sciences  profiting  incidentally  by  the  cross  fertilization. 
Sandow  ^  has  gone  even  farther.  He  described  Darwin's  intel- 
lectual millieu  and  concluded  that  Darwin  was  greatly  influenced 
by  the  laissez  faire  philosophy  of  contemporary  capitalism;  the 
universal  struggle  for  existence,  which  Darwin  postulated,  was  a 
general  principle  which  in  human  affairs  normally  took  the  form 
of  business  competition.  The  reason  for  English  thinkers  in  the 
early  nineteenth  century  playing  such  a  dominant  role  in  estab- 
lishing the  theory  of  evolution  was  that  capitalism  was  most 
firmly  established  in  England. 

It  should  be  noted,  however,  that  those  who  trace  the  theory 
of  natural  selection  back  into  the  field  of  social  studies  or  who  see 

1  Cowles,  Tljomas.  "  Malthus,  Darwin  and  Bagehot:  A  Study  in  the  Transference 
of  a  Concept."    lais,  26:  341-348,  1937. 

'  Sandow,  Alexwder.  "Social  Factors  in  the  Origin  of  Darwinism."  Quart.  Aeo. 
Biol.,  13: 315-326, 1938. 
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in  natural  selection  an  expression  of  a  particular  social  philosophy 
are  concerned  almost  exclusively  with  the  emergence  of  the  theory 
through  the  personal  development  of  Charles  Darwin.  Now 
Darwin  was  exceptionally  original  and  industrious  but  he  rarely 
bothered  to  investigate  the  past  history  of  the  ideas  he  was  so 
successful  in  developing.  Any  historical  summary  which  he 
published  would  occur  as  often  as  not  in  the  preface  to  a  second 
edition  where  he  would  cite  the  works  which  had  been  called  to 
his  attention  by  his  friends.  When  he  conceived  the  theory  of 
natural  selection,  he  was  ignorant  of  the  fact  that  it  had  already 
been  used  to  explain  evolution,  nor  did  he  know  of  the  work  of 
Wells  or  Mathiews,  when  he  published  the  Origin  of  Species. 
Even  when  he  learned  of  population  pressure  from  Malthus,  he 
was  apparently  unaware  that  the  idea  had  already  been  published 
by  a  number  of  biologists. 

Thus  in  regard  to  natural  selection,  Darwin  did  not  represent 
the  main  stream  of  biological  thought.  He  was  a  tributary  but 
such  a  brilliant  and  spectacular  one  that  he  obscured  the  main 
stream  itself  and  led  historians  who  sought  the  source  of  the  idea 
back  to  Malthus.  Thus  the  great  antiquity  of  the  concept  of 
natural  selection  has  generally  been  overlooked.  It  is  the  purpose 
of  this  paper  to  call  attention  to  the  growth  and  spread  of  the 
idea  of  natural  selection  as  it  occurred  in  biological  theory. 

Before  we  can  hope  to  trace  natural  selection  through  its 
gradual  and  erratic  development,  we  must  break  it  down  into  its 
component  propositions  for  only  rarely  was  its  whole  significance 
understood.  Many  individuals  who  described  certain  portions  of 
the  theory,  obviously  missed  the  implications  of  the  entire  doctrine, 
so  it  will  be  well  for  us  to  have  the  separate  parts  clearly  in  mind 
when  we  endeavor  to  record  the  growth  of  the  whole  complex  idea. 

Natural  Selection  has  been  stated  very  simply  as  follows: 

1.  All  organisms  vary,  no  two  are  exactly  alike. 

2.  More  individuals  are  bom  than  can  exist  in  the  available 
space. 

3.  Consequently  there  is  a  keen  competition  between  all  forms 
of  life  (Struggle  for  existence). 

4.  The  weakest  or  the  least  fit  are  eliminated. 

5.  The  fit  survive. 

6.  The  survivors  form  a  basis  for  new  variations. 

7.  These  variations  selected  long  enough  produce  new  species. 
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If  we  accept  these  seven  propositions  as  literally  true '  two 
corollaries  immediately  present  themselves. 

1.  Organic  evolution  has  occurred,  that  is,  the  innumerable 
species  now  existing  were  not  created  in  their  present  form  but 
have  evolved  from  less  numerous  predecessors.  All  of  the  myriad 
forms  of  life  now  on  earth  are  descended  from  a  few  or  even  a 
single  ancestral  form. 

2.  Adaptation  or  fitness  itself  has  evolved.  The  survival  of 
the  fit  organism  of  course  provides  for  the  survival  of  fitness. 

Natural  selection  thus  provides  an  alternate  explanation  for 
the  facts  generally  cited  as  evidences  of  teleology. 

One  more  aspect  of  the  theory  of  natural  selection  should  be 
mentioned  before  we  proceed  with  the  history  of  its  development. 
The  struggle  for  existence  has  been  visualized  so  frequently  as  a 
gladiatorial  combat  induced  by  population  pressure  that  the 
lajrman  often  does  not  realize  that  natural  selection  can  operate 
in  the  total  absence  of  organic  competition.  An  environment 
unfavorable  to  life  may  eliminate  some  variations  and  select  others. 
Certain  effects  of  mutation  pressure,  i.e.  lethal  and  sub-lethal 
genes,  mutations  which  make  for  degeneration,  etc.,  are  checked 
and  counterbalanced  continually  by  an  active  natural  selection 
even  in  fit  species  which  are  relatively  stable.  If  the  organism 
is  to  survive,  it  must  be  able  to  rope  with  its  environment,  thus 
not  only  is  the  fit  organism  selected  but  fitness  itself  is  preserved 
and  in  a  changing  environment,  a  new  fitness  is  evolved. 

The  first  description  of  natural  selection  of  which  we  have  any 
evidence  occurred  in  the  great  lost  poem  of  Empedocles.  Some 
fragments  of  the  passage  in  question  have  been  collected  and  while 
they  themselves  have  no  direct  bearing  on  the  subject,  we  can 

» It  is  not  the  purpose  of  this  paper  to  describe  the  present  status  of  the  theory  of 
natural  selection.  It  sliould  be  pointed  out,  however,  that  natural  selection  now 
been  developed  to  a  point  wliorc  no  dilettante  cm  be  said  to  have  a  "right"  to  his 
own  opinion  concerning  its  validity.  Any  honest  appraisal  must  be  based  on  a  con- 
siderable technical  knowledge  of  the  principles  involved.  Thanks  to  the  fundamental 
work  of  Sewell  Wright,  J.  B.  S.  Haldane  and  R.  A.  Fisher,  the  effects  of  selection  upon 
Mendelian  populations  can  now  be  evaluated  mathematically.  Dobzhansky's  descrip- 
tion of  the  role  of  natural  selection  in  evolution  is  brief  and  to  the  point  {Gerietica  and 
the  Origin  of  Species,  New  York,  1939).  We  know  at  present  that  mutation  pressure 
and  the  sratteiing  of  variability^  in  small  populations  can  produce  new  varieties,  and 
that  chromosome  vagaries  and  chance  hybridizations  can  give  rise  to  new  species,  not 
only  without  the  aid  of  natural  selection  but  actually  in  opposition  to  it.  Natural 
Selection  remains  the  court  of  last  appeal,  however,  and  determines  whether  the  new 
variety  or  species  persists  or  becomes  extinct. 
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identify  them  through  the  later  writings  of  Aristotle  and  Lucretius 
as  all  that  is  left  of  the  first  use  of  natural  selection  to  explain 
adaptation. 

The  fragments  are  quoted  from  the  translation  of  William  E. 
Leonard: 

62.  But  come!  now  hear  how  'twas  the  sundered  Fire 
Led  into  life  the  germs,  erst  whelmed  in  night, 
Of  men  and  women,  the  pitied  and  bewailed: 
For  'tis  a  tale  that  sees  and  knows  its  mark. 
First  rose  more  lumps  of  earth  with  rude  impress, 
That  had  their  shares  of  Water  and  of  Warm. 
These  then  by  Fire  (in  upward  zeal  to  reach 
Its  kindred  Fire  in  heaven)  were  shot  aloft, 
Albeit  not  yet  had  they  revealed  a  form 
Of  lovely  limbs,  nor  yet  a  human  cry, 
Nor  secret  member,  common  to  the  male. 

57.  There  budded  many  a  head  without  a  neck, 
And  arms  were  roaming,  shoulderless  and  bare, 
And  eyes  that  wanted  foreheads  drifted  by. 

58.  In  isolation  wandered  every  limb. 
Hither  and  thither  seeking  union  meet. 

59.  But  now  as  God  with  God  was  mingled  more. 
These  members  fell  together  where  they  met, 
And  many  a  birth  besides  was  then  begot 

In  a  long  line  of  ever  varied  life. 

60.  Creatures  of  countless  hands  and  trailing  feet. 

61.  Many  were  born  with  twofold  brow  and  breast, 
Some  with  the  face  of  man  on  bovine  stock, 
Some  with  man's  form  beneath  a  bovine  head. 
Mixed  shapes  of  being  with  shadowed  secret  parts. 
Sometimes  like  men,  and  sometimes  woman-growliis. 

The  nature  of  the  missing  portions  of  the  poem,  which  held 
these  fragments  together,  can  be  inferred  in  part  by  a  casual 
reference  to  the  "Man-faced  oxen"  of  Empedocles  by  Aristotle 

who  stated  the  case  for  natural  selection  only  to  refute  it.  The 

pas.sage  occurs  in  the  Physics  (II:  §8).  Apparently  some  attempts 
at  a  purely  mechanistic  explanation  of  natural  phenomena  had 
achieved  sufficient  prominence  in  the  fourth  century  before  Christ 
for  Aristotle  to  consider  them  worthy  of  rebuttal.  Aristotle,  of 
course,  was  too  much  of  a  teleologist  to  be  hospitable  to  the 
conception  of  natural  selection.  The  following  excerpt  is  from 
the  translation  of  F.  M.  Cornford,  London,  1929,  p.  169-170: 

.  .  .  Why  not  say,  it  is  asked,  that  Nature  acts  as  Zeus  drops  the 
fain,  not  to  make  the  com  grow,  but  of  necessity  (for  the  rising  vapour 
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must  needs  be  condensed  into  water  by  the  cold,  and  must  then  descend, 
and  incidentally,  when  this  happens,  the  corn  grows),  just  as,  when  a 
man  loses  his  com  on  the  threshing-floor,  it  did  not  rain  on  purpose  to 
destroy  the  crop,  but  the  result  was  merely  incidental  to  the  raining? 
So  why  should  it  not  be  the  same  with  natural  organs  like  the  teeth? 
Why  should  it  not  be  a  coincidence  that  the  front  teeth  come  up  with  an 
edge,  suited  to  dividing  the  food,  and  the  liack  ones  flat  and  good  for 
grinding  it,  witliout  there  being  any  design  in  th(^  matter?  And  so  with 
all  other  organs  that  seem  to  embody  a  purpose.  In  cases  where  a 
coincidence  brought  about  such  a  combination  as  might  have  been  ar- 
ranged on  purpose,  the  creatures,  it  is  urged,  having  been  suitably  formed 
by  the  operation  of  chance,  survived;  otherwise  they  perished,  and  still 
perish,  as  Empedocles  says  of  his  "man-faced  oxen". 

Aristotle,  however,  dismissed  the  idea  in,  what  seems  to  us, 
a  rather  supercilious  manner: 

Such  and  suchlike  are  the  arguments  which  may  be  urged  in  raising 
this  problem;  ))ut  it  is  impossible  that  this  should  really  be  the  way  of  it. 
P^or  all  these  phenomena  and  all  natural  things  are  either  constant  or 
normal,  and  this  is  contrary  to  the  very  meaning  of  luck  or  chance.  No 
one  assigns  it  to  chance  or  to  a  remarkable  coincidence  if  there  is  abun- 
dant rain  in  the  winter,  though  he  would  if  there  were  in  the  dog-days; 
and  the  other  way  about,  if  there  were  parching  heat.  Accordingly,  if  the 
only  choice  is  to  assign  these  occurrences  either  to  coincidence  or  to 
purpose,  and  if  in  these  cases  chance  coincidence  is  out  of  the  question, 
then  it  must  be  purpose.  But,  as  our  opponents  themselves  would  admit, 
these  occurrences  are  all  natural.  There  is  purpose,  then,  in  what  is, 
and  in  what  happens,  in  Nature. 

By  far  the  clearest  statement  of  natural  selection  which  has 
come  down  to  us  from  classical  antiquity  is  in  De  rerum  natura  of 
Lucretius.  This  famous  passage,  obviously  based  on  Empedocles, 
describes  how  the  unadapted  monsters  formed  by  chance  perished, 
and  that  only  those  that  were  fit  survived  to  procreate  their  like. 
Lucretius  went  even  further  and  enumerated  some  of  the  char- 
acteristics which  preserved  certain  animals  in  the  struggle  for 
existence  and  explained,  by  contrast,  how  domestic  animals  that 
were  obviously  unfitted  for  existence  in  the  wild,  had  been  pre- 
served through  the  protection  given  them  by  man.  From  the 
translation  of  W.  H.  D.  Rouse: 

Many  were  the  monsters  also  that  the  eartli  then  tried  to  make, 
springing  up  with  wondrous  appearance  arid  frame:  the  hermaphrodite, 
between  man  and  woman,  yet  neither,  different  from  both;  some  without 
feet,  others  again  bereft  of  hands;  some  found  dumb  also  without  a 
mouth,  some  blind  without  face;  some  bound  fast  with  all  their  limbs 
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adhering  to  th^  bodies,  so  that  they  could  do  nothing  and  go  nowhere, 
could  neither  avoid  mischief  nor  take  what  they  might  need.  So  with  the 
rest  of  like  monsters  and  portents  that  she  made,  it  was  all  in  vain:  since 
nature  denied  them  growth,  and  they  could  not  attain  the  desired  flower 
of  age  nor  find  food  nor  join  by  the  ways  of  Venus.  For  we  see  that  living 
beings  need  many  things  in  conjunction,  so  that  they  may  be  able  by 
procreation  to  forge  out  the  chain  of  the  generations:  first  there  must  be 
food,  next  there  must  be  a  w^ay  for  the  life-giving  seeds  to  ooze  through 
the  frame  and  he  discharged  from  the  body,  and  that  male  and  female 
be  joined  they  must  both  have  the  means  to  exchange  mutual  pleasures. 

And  many  species  of  animals  must  have  perished  at  that  time,  unable 
by  procreation  to  forge  out  the  chain  of  posterity:  for  w^hatever  you  see 
feeding  on  the  breath  of  life,  either  cunning  or  courage  or  at  least  quick- 
ness must  have  guarded  and  kept  that  kind  from  its  earliest  existence; 
many  again  still  exist,  entrusted  to  our  protection,  which  remain,  com- 
mended to  us  because  of  their  usefulness.  Firstly,  the  fierce  brood  of 
lions,  that  savage  tribe,  has  been  protected  by  courage,  the  wolf  by 
cunning,  by  swiftness  the  stag.  But  the  intelhgent  dog,  so  light  of  sleep 
and  so  true  of  heart,  beasts  of  burden  of  all  kinds,  woolly  sheep  also,  and 
horned  herds  of  oxen,  all  these  are  entrusted  to  men's  protection,  Mem- 
mius.  For  these  have  eagerly  fled  from  the  wild  beasts,  they  have  sought 
peace  and  the  generous  provision  gained  by  no  labour  of  theirs,  which  we 
give  them  as  the  reward  of  their  usefulness.  But  those  to  which  nature 
gives  no  such  qualities,  so  that  they  could  neither  live  by  themselves  at 
their  own  will,  nor  give  us  some  usefulness  for  which  we  might  suffer 
to  feed  them  under  our  protection  and  be  safe,  these  certainly  lay  at  the 
mere}'  of  others  for  prey  and  profit,  being  all  hampered  by  their  own 
fateful  chains,  until  nature  brought  that  race  to  destruction. 

Thanks  to  Lucretius,  the  ability  of  nature  to  preserve  certain 
types  and  eliminate  others  was  clearly  announced  in  the  first 
century  b.c.  It  would  seem  that  a  mature  conception  of  natural 
selection  might  have  developed  as  a  logical  consequence  of  such  a 
promising  start.  Lucretius,  however,  was  a  mechanist;  his  phi- 
losophy tended  to  minimize  the  personal  activity  of  the  Gods, 
and,  of  course,  it  was  received  with  hostility  by  the  revealed 
religion  of  his  day.  The  soon  to  emerge  Christianity  took  over 
the  perquisites  of  the  older  faiths  and,  becoming  in  turn  the 
revealed  religion,  it  continued  to  be  hostile  to  Lucretius  for,  like 
the  earlier  religion,  it  looked  upon  him  as  a  man  who  sought  to 
limit  the  power  of  God.  The  abuse  and  calumny  which  Lucretius 
received  for  over  fifteen  hundred  years  is  a  matter  of  record,  and 
because  of  the  odium,  theologimm,  his  ideas  were  not  given  a  fair 
hearing;  not  that  a  fair  hearing  would  necessarily  have  advanced 
his  mechanistic  views,  for  an  alternative  concept  fitted  much 


Copyrighted  material 


78 


CONWAY  ZIRKLE 


better  into  the  dominant  philosophy  of  the  period.    Needless  to 
say  this  concept  was  teleological. 

It  is  not  the  purpose  here  to  give  even  a  brief  history  of  tele- 
ology. However  it  would  not  be  possible  to  explain  the  sub- 
mergence of  Lucretius'  account  of  the  origin  of  fitness  in  the 
animal  kingdom  without  showing  how  the  very  adaptations  he 
cited  were  used  as  evidences  of  design.  The  facts  listed  by  - 
Lucretius  were,  of  course,  well  known;  the  conclusions  drawn  from 
them  by  others  were  very  different.  The  growth  and  duration 
of  the  dominant  teleological  explanation  can  be  shown  by  a  few 
examples. 

Maximus  of  Tyre  was  a  philosopher  who  lived  in  the  latter 
half  of  the  second  century  a.d.  Evidently,  he  had  some  conception 
of  the  universality  of  struggle  and  of  the  conquest  of  certain  forms 
of  life  by  others.  In  his  dissertation  on  the  question  as  to  which 
were  the  more  useful,  soldiers  or  husbandmen,  he  listed  a  number 
of  cases  where  nations  of  soldiers  were  free  and  brave  but  nations 
of  husbandmen  were  slaves  and  cowards.  He  extended  this 
concept  down  into  the  animal  kingdom.  From  Dissertation  XIII, 
translated  by  Taylor:  * 

Proceed  to  animals:  for  here  also  you  will  behold  liberty  and  slavery, 
and  a  life  consisting  of  virtue  and  bonds.  The  ox  ploughs,  the  horse 
contends:  but  if  you  change  their  works  you  will  act  illegally  against 
nature.  Timid  animals  feed  on  grass,  l)old  animals  hunt.  The  stag 
feeds  on  grass,  the  lion  hunts.  Jackdaws  gather  seeds,  eagles  hunt. 
But  those  animals  that  gather  seed  and  live  on  grass  are  slaves,  while 
those  that  hunt  are  free. 

Maximus,  however,  was  convinced  that  nature  was  orderly  and 
planned  and  that  anyone  who  endeavoured  to  do  an3rthing  contrary 
to  this  planned  economy  was  sinful  and  deserving  of  punishment. 
He  recorded  the  instance  of  the  Carthaginian  youth  who  fed  a 
lion  cub  on  unlawful  food  and  so  changed  his  nature  that  he 
became  a  beast  of  burden.  Maximus  noted  with  approval  that 
the  Carthaginians  put  the  impious  youth  to  death  for  his  illegal 
act.  He  then  proceeded  to  list  the  characteristics  of  the  animals 
which  had  been  allotted  to  them  for  their  preservation,  having 
apparently  had  no  conception  of  the  possibilities  that  only  those 
animals  who  wpre  sufficiently  endowed  were  preserved.  From 
Dissertation  XXXII: 

*  Taylor,  Thomas,  The  Diaaertationa  of  Maximua  Tyriua,  London,  1804. 
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As  horses,  tliorefore,  for  their  safety  are  allotted  the  raee,  oxen  labour, 
birds  wings,  lions  strength,  and  other  animals  something  else;  in  like 
manuer  a  connate  power  which  preserves  the  race  is  present  with  man. 
With  respect  to  this  power,  it  is  necessary  that  it  should  be  different  from 
that  of  other  animals;  if,  being  man,  he  is  to  be  saved,  not  by  strength  as 
lions,  nor  by  the  race  as  horse,  and  is  not  to  carry  burthens  like  an  ass, 
nor  to  plough  Uke  an  ox,  nor  to  fly  with  birds,  nor  swim  with  fishes. 
But  there  is  also  a  certain  w-ork  peculiar  to  this  animal,  which  preserves 
his  life,  if  powers  are  distributed  to  animals  according  to  the  use  of  life, 
works  according  to  powers,  and  instruments  according  to  works,  and  the 
good  they  effect. 

Again  in  Dissertation  XIX  he  describes  these  characteristics 
as  gifts. 

But  with  respect  to  other  animals,  one  good  is  distributed  to  every 
herd  for  its  preservation,  and  those  of  a  similar  species  partake,  with 
their  like,  of  an  equal  life,  and  of  one  end,  each  with  each,  whether  they 
fly,  or  walk,  or  creep,  or  live  on  flesh  or  grass;  whether  they  are  gregarious, 
tame,  or  wUd;  and  whether  they  are  homed,  or  without  horns:  and  if  you 
change  the  lives  of  these  you  act  illegally  towards  nature. 

Galen  was  definitely  a  teleolop;ist  and  his  p;reat  influence  tended 
to  strengthen  the  dominant  philosophy  of  his  day.  He  emphasized 
the  use  and  function  of  the  bodily  parts  in  several  of  his  works, 
particularly  in  De  usu  partim,  De  formaiione  foetus  and  De  placUis 
Hippocratis  et  Plaionis.  In  the  latter  work  he  definitely  rejects 
the  role  of  accident  or  chance  in  the  production  of  any  of  the 
organs  of  our  bodies. 

The  great  Christian  author,  Lactantius  (260-340  a.d.),  pro- 
ceeded directly  to  the  refutation  of  Lucretius.  He  spared  no 
words  in  his  well  known  book,  On  the  Workmanship  of  God,  for  he 
clearly  deemed  his  opponent  mistaken  in  a  field  where  a  mistake 
was  a  sin.    From  chapter  6: 

I  cannot  here  be  prevented  from  again  showing  the  folly  of  Epicurus. 
For  all  the  ravings  of  Lucretius  belong  to  him,  who,  in  order  that  he 
might  show  that  animals  are  not  produced  by  any  contrivance  of  the 
divine  mind,  but,  as  he  is  wont  to  say,  by  chance,  said  that  in  the  begin- 
ning of  the  world  innumerable  other  animals  of  wonderful  form  and 
magnitude  were  produced;  but  that  they  were  unable  to  be  permanent, 
because  either  the  power  of  taking  food,  or  the  method  of  uniting  and 
generating  had  failed  them.  It  is  evident  that,  in  order  to  make  a  place 
for  his  atoms  flying  about  through  boundless  and  empty  space,  he  wished 
to  exclude  the  divine  providence.  But  when  he  saw  that  a  wonderful 
system  of  providence  is  contained  in  all  things  which  breathe,  what 
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vanity  was  it  (O  mischievous  one!)  to  sa}'  that  there  had  been  animals 
of  immense  size,  in  which  the  system  of  production  ceased. 

Since  therefore,  all  things  wliich  we  see  are  produced  with  reference 
to  a  plan — ^for  nothing  but  a  plan  can  effect  this  very  condition  of  being 
bom — ^it  is  manifest  that  nothing  could  have  been  bom  without  a  plan. 
For  it  was  previously  foreseen  in  the  formation  of  everjrthing,  how  it 
should  use  the  service  of  the  limbs  for  the  necessaries  of  life ;  and  how  the 
offspring,  being  produced  from  the  union  of  bodies,  might  preserve  all 
living  creatures  by  their  several  species. 

Lactantius  next  describes  the  building  of  a  house  in  a  manner 
reminiscent  of  Paley's  watch.   He  then  proceeds: 

Why  should  any  one  suppose  that,  in  the  contrivance  of  animals,  God 
did  not  foresee  what  things  were  necessary  for  living,  before  giving  life 
itself?  For  it  is  manifest  that  life  could  not  exist  unless  those  things  by 
which  it  exists  were  previously  arranged. 

Therefore  Epicurus  saw  in  the  bodies  of  animals  the  skill  of  a  divine 
plan,  but  that  he  might  carry  into  effect  that  which  he  had  before  im- 
prudently assumed,  he  added  another  absurdity  agreeing  with  the  former. 
For  he  said  that  the  eyes  were  not  produced  for  secnng,  nor  the  ears  for 
hearing,  nor  the  feet  for  walking;  but  that  all  the  offices  of  these  members 
arose  from  them  after  their  production.  I  fear  lest  the  refutation  of  such 
extravagant  and  ridiculous  stories  should  appear  to  be  no  less  foolish; 
but  it  pleases  me  to  be  foolish,  since  we  are  dealing  with  a  foolish  man, 
lest  he  should  think  himself  too  clever.  What  do  you  say,  Epicurus? 
Were  not  the  eyes  produced  for  seeing?  Why,  then,  do  they  see?  Their 
use,  he  sa5's,  afterwards  showed  itself.  Therefore  they  were  produced 
for  the  sake  of  seeing,  since  they  can  do  nothing  else  but  see.  Likewise, 
in  the  case  of  the  other  limbs,  use  itself  shows  for  what  purpose  they  were 
produced.  For  it  is  plain  that  this  use  could  have  no  existence,  unless 
all  the  limbs  had  been  made  with  such  arrangement  and  foresight  that 
they  might  be  able  to  have  their  use. 

For  what,  if  you  should  say,  that  birds  were  not  made  to  fly,  nor  wild 
beasts  to  rage,  nor  fishes  to  swim,  nor  men  to  be  wise,  when  it  is  evident 
that  living  creatures  are  subject  to  that  natural  disposition  and  office 
to  which  each  was  created?  But  it  is  evident  that  he  who  has  lost  the 
main  point  itself  of  the  truth  must  always  be;  in  error.  For  if  all  things 
are  produced  not  by  jjrovidence,  but  by  a  fortuitous  meeting  together  of 
atoms,  why  does  it  never  happen  by  chance,  that  those  first  principles 
meet  together  in  such  a  way  as  to  make  an  animal  of  such  a  kind,  that  it 
might  rather  hear  with  its  nostrils,  smell  with  its  eyes,  and  see  with  its 
ears?  For  if  the  first  principles  leave  no  kind  of  position  untried  mon- 
strous productions  of  this  kind  ought  daily  to  have  been  brought  forth, 
in  which  the  arrangement  of  the  limbs  might  l)e  distorted  and  the  use  far 
different  from  that  which  prevails,  l^ut  since  all  the  limbs  observe  their 
own  laws  and  arrangements,  and  the  uses  assigned  to  them,  it  is  plain 
that  nothing  is  made  by  chance,  since  a  perpetual  arrangement  of  the 
divine  plan  is  preserved.   But  we  will  refute  Epicurus  at  another  time. 
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How  completely  Lactantius  relied  on  the  teleological  explana- 
tion is  shown  by  a  passage  in  chapter  2.  Nature  may  be  "red  in 
tooth  and  claw"  but  Providence  has  seen  to  it  that  there  would 

be  no  lack  of  victims. 

Since  He  did  not  give  that  power  of  reason  to  the  other  animals,  He 
provided  beforehand  in  what  manner  their  life  might  be  more  safe.  For 
He  clothed  them  all  with  their  own  natural  hair,  in  order  that  they  might 
more  easily  be  able  to  endure  the  severity  of  frosts  and  cold.  Moreover, 
He  has  appointed  to  every  kind  its  own  peculiar  defense  for  the  repelling 
of  attacks  from  without;  so  that  they  may  either  oppose  the  stronger 
animals  with  natural  weapons,  or  the  feebler  ones  may  withdraw  them- 
selves from  danger  by  the  swiftness  of  their  flight,  or  those  which  require 
at  once  both  strength  and  swiftness  may  protect  themselves  by  craft, 
or  guard  themselves  in  hiding-places.  And  so  others  of  them  either  poise 
tiiemselves  aloft  with  Ught  plumage,  or  are  supported  by  hoofs,  or  are 
furnished  with  horns;  some  have  arms  in  their  mouth — namely,  their 
teeth — or  hooked  talons  on  their  feet;  and  none  of  them  is  destitute  of  a 
defense  for  its  own  protection. 

But  if  any  fall  as  a  prey  to  the  greater  animals,  that  their  race  might 
not  utterly  perish,  they  have  either  been  banished  to  that  region  where 
the  greater  ones  cannot  exist,  or  they  have  received  a  more  abundant 
fruitfulness  in  production,  that  food  might  be  supplied  from  them  to  the 
beasts  which  are  nourished  by  blood,  and  yet  their  multitude  might  sur- 
vive the  slaughter  inflicted  upon  them,  so  as  to  preserve  the  race. 

St.  Albertus  Magnus  (?  1206-1280)  was  free  from  the  violence 
of  Lactantius  anfl  much  more  logical  and  subtle  in  his  rebuttal  of 
Empedocles.  He  described  hybrid  generation  and  admitted  the 
possibility  of  the  existence  of  the  monsters  of  which  Empedocles 
had  written,  but  he  looked  upon  them  as  accidents,  as  transgres- 
sions of  nature  aiming  at  a  goal  it  was  not  good  to  reach.  Nature 
herself  was  governed  by  design.  The  foUowmg  quotation  is  from 
his  Physicorum  (Bk.  II,  tr.  3,  eh.  3) : 

A  definite  end,  for  which  nature  is  working,  is  in  both  plants  and 
animals.  And  from  this  consideration  we  shall  contradict  that  of 
Empedocles,  who  said  that  all  these  things  are  chance  occurrences  both 
rightly  and  unrightly  and  monstrously  Cor  unnaturally]:  for  if  perchance, 
there  be  a  monster  among  animals  whose  upper  portion  might  be  made  of 
a  man,  and  inferior  portion  might  be  made  of  the  bull,  which  monster  is 
a  Minotaur;  it  is  likewise  necessary  because  such  an  accident  might 
happen  in  plants  according  to  Empedocles;  thus,  because  at  one  time 
there  may  be  generated  a  plant  whose  one  part  may  be  a  vine  and  the 
other  an  olive:  but  however,  this  we  do  not  see  although  it  may  be  equally 
reasonable  for  this  to  happen  in  plants  just  as  in  animals  according  to 
Empedocles. 
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As  we  would  expect,  teleoloj^y  dominated  the  natural  theology 
of  the  seventeenth  and  eighteenth  centuries.  Even  biologists  who 
had  considerable  attainments  to  their  credit  interpreted  the 
adaptation  of  animal  and  plant  life  as  evidences  of  the  design  of  a 
beneficent  Providence.  The  best  example  of  this  attitude  is  to  be 
found,  perhaps,  in  the  philosophy  of  the  great  pre-Linnean  system- 
atist,  John  Ray.  The  very  title  of  one  of  Ray's  books,  The 
Wisdom  of  God  Manifested  in  the  Works  of  Creation^  London, 
1694,  is  sufficient  to  indicate  how  Ray  explained  the  existence  of 
fitness.    From  p.  135,  Ed.  of  1743: 

Thirdly,  I  shall  remark  the  Care  that  is  taken  for  the  Preservation  of 
the  Weak,  and  such  as  are  expos'd  to  the  Injuries,  and  preventing  the 

Increase  of  such  as  are  noisome  and  hurtful;  for  as  it  is  a  Demonstration 
of  the  divine  Power  and  Magnificence  to  create  such  Variety  of  Animals, 
not  only  great  but  small,  not  only  strong  and  courageous,  but  also  weak 
and  timorous;  so  it  is  no  less  Argument  of  his  Wisdom  to  give  to  these 
Means,  and  the  Power  and  Skill  of  using  them,  to  preserve  themselves 
from  the  Violence  of  those.  That  of  the  Weak,  some  should  dig  Vaults 
and  Holes  in  the  Earth,  as  RdklbeUi  to  secure  themselves  and  theur  Young; 
others  should  be  arm'd  with  hard  Shells;  others  with  Prickles;  the  rest 
that  have  no  such  Armature,  should  be  endu'd  with  great  Swiftness  or 
Perspicacity;  and  not  only  so,  but  some  also  have  their  Eyes  stand  so 
prominent,  as  the  Hare,  that  they  can  see  as  well  behind  sus  before  them, 
that  so  they  may  have  their  Enem\^  always  in  their  Eye;  and  long,  hollow, 
moveable  Ears,  to  receive  and  convey  tlie  least  Sound,  or  that  which 
comes  from  far,  that  they  be  not  suddenly  surprised  or  taken  (as  they 
say)  napping.  Moreover,  it  is  remarkable,  that  in  this  Animal,  and  in 
the  Rabhelf  the  Muscles  of  the  Loins  and  the  hind  Legs  are  extraordinarily 
lai^e  in  Proportion  to  the  rest  of  the  Body,  or  those  of  other  Animals,  as 
if  made  on  purpose  for  Swiftness,  that  they  may  be  able  to  escape  the 
Teeth  of  so  many  Enemies  as  continually  pursue  and  chase  them;  add 
hereto  the  Length  of  their  hind  legs,  which  is  no  small  Advantage  to 
them.  .  .  . 

As  for  Sheep,  which  have  no  natural  Weapons  or  Means  to  defend  or 
secure  themselves,  neither  Heels  to  run,  nor  Claws  to  dig,  they  are 
deliver'd  into  the  Hand,  and  committed  into  the  Care  and  Tuition  of 
Man;  and  serving  him  for  divers  Uses,  are  nurished  and  protected  by 
him;  and  so  enjojdng  their  Beings  for  a  Time,  by  this  Means  propagate 
and  continue  their  Species:  So  that  there  are  none  destitute  of  some 
Moans  to  prcser\'e  themselves,  and  their  Kind;  and  these  Means  so 
effectual,  that  notwithstanding  all  the  Endeavours  and  Contrivances  of 
Man  and  Beast  to  destroy  them,  there  is  not  to  this  Da\'  one  Species 
lost  of  such  as  are  mention'd  in  Histories  and  consequently  and  undoubt- 
edly neither  of  such  as  were  first  created. 

Then  for  Birds  of  Prey,  and  rapacious  Animals,  it  is  remarkable  what 
Aristotle  observes.  That  they  are  all  solitary,  and  go  not  in  Flocks, 
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FAM^ONYXON  OY^EN  ArEAAION  no  Birds  of  Prey  are  gregarious. 
Again,  that  such  creatures  do  not  greatly  multiply,  TE  TAM^'O  IV'YXON 
OAITATON  AIIANTA.  They  for  the  most  part  breeding  and  bringing  forth 
but  one  or  two,  or  at  least,  a  few  young  ones  at  once:  Whereas  they  that 
are  feeble  and  timorous  are  generally  multiparous;  or,  if  they  bring  forth 
but  a  few  at  once,  as  PigeonSj  they  compensate  that  by  their  often  breed- 
ing, riz.  every  Month  but  two  throughout  the  Year;  by  this  Means 
providing  for  the  Continuation  of  their  Kind.  But  for  the  Security  of 
these  rapacious  Birds,  it  is  worthy  the  noting,  that  because  a  Pre}'  is  not 
always  ready,  but  perhaps  they  may  fail  of  one  some  Daj's,  Nature  hath 
made  them  patient  of  long  mediae  and  besides  when  they  light  upon  one, 
they  gorge  themselves  so  therewith,  as  to  suffice  for  their  Nourishment  for 
a  considerable  Time. 

Fourthly f  1  shall  note  the  exact  Fitness  of  the  Parts  of  the  bodies  of 
Animals  to  every  one's  Nature  and  Manner  of  Living. 

But  one  other  example  will  be  cited,  the  Physico-Theology , 
London,  1712,  of  William  Derham,  a  book  which  had  a  considerable 
vogue  in  its  day.  Derham  did  not  see  in  nature  either  population 
pressure  or  food  shortage.    From  p.  181,  Ed.  of  1716: 

3.  Another  wise  Provision  the  Creator  hath  made  relating  to  the 
Food  of  Animals  is,  that  various  Animals  delight  in  various  Food;  some 
in  Grass  and  Herbs;  some  in  Grain  and  Seeds;  some  in  Flesh;  some  in 
insects;  some  in  this,  some  in  that;  some  more  delicate  and  nice,  some 
voracious  and  catching  at  any  thing.  If  all  deUghted  in,  or  subsisted 
only  with  one  sort  of  Food,  there  would  not  be  sufficient  for  all;  but  every 
variety  using  various  Food,  and  perhaps  abhorring  that  of  others,  is  a 
great  and  wise  means  that  every  Kind  hath  enough,  and  oftentimes  some- 
what to  spare. 

It  deserves  to  be  reckoned  as  an  Act  of  the  Divine  Appointment, 
that  what  is  wholsome  Food  to  one,  is  nauseous,  and  as  a  Poyson  to 
another;  what  is  a  sweet  and  delicate  Smell  and  Taste  to  one,  is  foetid 
and  loathsome  to  another.  By  which  means  all  the  Provisioi^  the  Globe 
affords  are  well  disposed  of.  Not  only  every  Creature  is  well  provided 
for,  but  a  due  Consumption  is  made  of  those  things  that  otherwise  would 
encumber  the  World,  lie  in  the  way,  corrupt,  rot,  stink,  and  annoy, 
instead  of  cherish  and  refresh.  For  our  most  useful  Plants,  Grain,  and 
Fruits,  would  mould  and  rot;  those  Beasts,  Fowls,  and  Fishes,  which  are 
reckoned  among  the  greatest  Dainties,  would  turn  to  Carrion,  and  Poyson 
us:  Nay,  those  Animals,  which  are  become  Carrion,  and  many  other  things 
that  are  noysome,  both  on  the  Dryland,  and  in  the  Waters,  would  be  more 
grievous  Annoyances,  and  breed  Diseases,  was  it  not  for  the  Provision 
which  the  infinite  Orderer  of  the  World  hath  made,  by  causing  these 
things  to  be  sweet,  pleasant,  and  wholsome  Food  to  some  Creature  or 
other,  in  the  place  where  those  things  fall:  to  Dogs,  Ravens,  and  other 
voracious  Animals,  for  Instance,  on  the  Earth;  and  to  rapacious  Fishes, 
and  other  Creatures  inhabiting  the  Waters. 


84 


CONWAY  ZIRKLE 


Thus  is  the  World  in  some  measure  kept  sweet  and  clean,  and  at 
the  same  time  divers  Species  of  Animals  supplied  with  convenient  Food. 

Teleology  furnished  such  a  satisfactory  explanation  of  fitness 
that  natural  selection  was  an  unwanted  hypothesis,  a  vagary,  a 
trifle  sinful  perhaps,  but  not  important  enough  to  deserve  more 
than  a  passing  refutation.  Indeed  it  was  not  until  after  Darwin 
published  the  Origin  of  Species  that  natural  selection  emerged  as 
a  respectable  hypothesis  and  not  until  late  in  the  nineteenth 
century  did  it  succeed  in  chasing  teleology  from  the  biological 
field.  Meanwhile  only  a  few  individuals  had  grasped  its  full 
implications,  although  a  somewhat  larger  group  had  appreciated 
the  importance  of  one  or  another  of  its  basic  postulates.  The 
pre-Darwinian  history  of  Natural  selection  must  deal  to  a  large 
extent  with  the  contributions  of  this  latter  group. 

We  shall  not  be  concerned  here  with  the  history  of  artificial 
selection;  it  was  well  understood  by  the  Greeks  and  Romans  who 
even  extended  its  application  to  human  beings.  Roper  ^  has 
covered  this  phase  of  the  subject.  The  agricultural  writings  of 
the  middle  ages  show  that  the  importance  of  proper  breeding  stock 
was  appreciated  even  if  the  agriculturists  themselves  did  not 
always  follow  the  best  practices.  In  the  early  eighteenth  centiu-y 
a  number  of  plant  breeders  succeeded  in  producing  many  new 
and  valuable  varieties,  while  later  in  the  centur\',  Robert  Bakewell 
started  his  experiments  in  animal  breeding.  Darwin  was  greatly 
interested  in  the  practical  results  obtained  by  Bakewell  and  was 
undoubtedly  influenced  by  him  in  developing  the  theory  of 
natural  selection.  His  recognition  of  the  potency  of  artificial 
selection  thus  helped  to  establish  natural  selection  as  a  factor  in 
organic  evolution.  The  subject,  however,  is  too  large  to  be 
included  here. 

When  we  endeavor  to  find  the  first  contributors  to  the  theory 
of  natural  selection  after  Lucretius  we  are  faced  with  obvious 
gaps  in  the  available  records.  We  would  expect  little  from  the 
Latin  World  after  the  fall  of  Rome  and  little  from  the  Byzantines. 
The  Arabs  may  have  contributed  to  the  theorv  but  we  know 
practically  nothing  of  what  they  did  in  the  field.  The  writer  is 
able  to  cite  but  a  single  pertinent  excerpt  from  an  Arabian  scholar, 
a  passage  in  the  ninth  century  Book  of  animals  of  al-Jahiz. 

The  following  quotation  (VI:  133)  is  from  the  Spanish  transla- 

*  Roper,  A.  G.   Ancient  EugenicSt  Oxford,  1913. 
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tion  of  Miquel  Asin  Padacios  14:  20-54,  1930).  Here 

al-J&hiz  describes  the  struggle  for  eidstence: 

The  rat  goes  out  to  look  for  its  food,  and  is  clever  in  getting  it,  since 
it  eats  all  animals  inferior  to  it  in  strength,  such  as  little  animals  and 
small  birds,  the  eggs  and  the  young  of  the  latter,  and  in  general,  the  vermin 
which  do  not  live  in  burrows  or  whose  nosts  are  flush  with  the  earth. 
In  its  turn,  the  rat  has  to  avoid  snakes  and  birds  and  serpents  of  prey, 
who  look  for  it  in  order  to  devour  it.  It  must  also  he  skillful  in  defending 
itself  from  the  lizard  and  from  the  herizo,  which  are  stronger  than  it  is. 
The  lizard  is  clever  in  hunting  the  snake  and  the  fox.  The  latter  in  its 
turn,  hunts  all  animals  inferior  to  it.  The  mosquitoes  go  out  to  look 
for  their  food  as  they  know  instinctively  that  blood  is  the  thing  which 
makes  them  live.  As  soon  as  they  see  the  elephant,  hippopatamus  or 
any  other  animal,  they  know  that  the  skin  has  been  fashioned  to  serve 
them  as  food;  and  falling  on  it,  they  pierce  it  with  their  prolwsces, 
certain  that  their  thrusts  are  piercing  deep  enough  and  are  capable  of 
reaching  down  to  draw  the  blood.  Flies  in  their  turn,  although  they 
feed  on  many  and  various  things,  principally  hunt  the  mosquito  which  is 
the  food  which  they  like  best.  If  it  were  not  for  the  flies,  the  hum  of 
mosquitoes  during  the  day  would  be  much  greater.  The  star-lizard  and 
the  spider,  called  ant-lion,  go  out  and  hunt  flies  with  the  cleverest  tech- 
nique and  the  greatest  dexterity.  But  in  addition,  flies  disappear  also 
through  the  medium  of  other  causes,  for  example,  they  die  upon  eating 
in  competition  over  the  sweet  morsels.  All  animals,  in  short,  can  not 
exist  without  food,  neither  can  the  hunting  animal  escape  being  hunted  in 
his  turn.  Every  weak  animal  devours  those  weaker  than  itself.  Strong 
animals  cannot  escape  being  devoured  by  other  animals  stronger  than 
they.  And  in  this  respect,  men  do  not  differ  from  animals,  some  with 
respect  to  others,  although  they  do  not  arrive  at  the  same  extremes.  In 
short,  God  has  disposed  some  human  beings  as  a  cause  of  life  for  others, 
and  likewise,  he  has  disposed  the  latter  as  a  cause  of  the  death  of  the 
former. 

In  the  seventeenth  century  some  mention  was  made  of  several 
of  the  elements  which  make  up  natural  selection.  Francis  Bacon 
(New  AUarUis)  told  of  the  formation  of  new  and  useful  varieties 
through  hybridization,  and  he  seemed  to  appreciate  the  necessity 
of  selection  in  establishing  the  new  forms.  Thomas  Hobbes 
described  vividly  the  struggle  for  existence  among  human  beings; 
in  fact,  he  saw  the  establishment  of  the  State  as  a  necessary  means 
of  ameliorating  the  struggle.  He  would  doubtless  be  completely 
at  home  in  the  world  of  1940.  The  following  quotations  are  from 
Lemathany  London,  1651,  (Pt.  I,  ch.  13): 

Therefore  if  a.ny  two  men  desire  the  same  thing,  which  nevertheless 
they  cannot  both  enjoy,  they  become  enemies;  and  in  the  way  to  their 
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end,  which  is  principally  their  own  conservation,  and  sometimes  their 
delectation  only,  endeavour  to  destroy,  or  subdue  one  another.  And 
from  hence  it  comes  to  pass,  that  where  an  invader  hath  no  more  fear, 
than  another  man's  single  power;  if  one  plant,  sow,  build,  or  possess  a 
convenient  seat,  others  may  probably  be  expected  to  come  prepared  with 
forces  united,  to  dispossess,  and  deprive  him,  not  only  of  the  fruit  of  his 
labour,  but  also  of  his  life,  or  liberty.  And  the  invader  again  is  in  the 
like  danger  of  another. 

And  from  this  diffidence  of  one  another,  there  is  no  way  for  any  man 
to  secure  himself,  so  reasonable,  as  anticipation;  that  is,  by  force,  or 
wiles,  to  master  the  persons  of  all  men  he  can,  so  long,  till  he  see  no  other 
power  great  enough  to  endanger  him:  and  this  is  no  more  than  his  own 
conservation  requireth,  and  ia  generally  allowed.  Also  because  there  be 
some,  that  taking  pleasure  in  contemplating  their  own  power  in  the  acts 
of  conquest,  which  they  pursue  farther  than  their  security  requires;  if 
others,  that  otherwise  would  be  glad  to  be  at  ease  within  modest  bounds, 
should  not  by  invasion  increase  their  power,  they  would  not  be  able, 
long  time,  by  standing  only  on  their  defence,  to  subsist.  And  by  conse- 
quence, such  augmentation  of  dominion  over  men  being  necessary  to  a 
man's  conservation,  it  ought  to  be  allowed  him. 

Hobbes  next  explains  how  men  live  in  a  state  of  war  when  they 
are  not  subjugated  by  a  higher 'power  (the  State)  which  keeps 
them  in  awe,  a  war  which  is  described  as  follows: 

To  this  war  of  every  man,  against  every  man,  this  also  is  consequent; 
that  nothing  can  be  unjust.  The  notions  of  right  and  wrong,  justice 
and  injustice  have  there  no  place.  Where  there  is  no  common  power, 
there  is  no  law;  where  no  law,  no  injustice.  Force,  and  fraud,  are  in 
war  the  two  cardinal  virtues.  Justice,  and  injustice  are  none  of  the 
faculties  neither  of  the  body,  nor  mind.  If  they  were,  they  might  be  in  a 
man  that  were  alone  in  the  world,  as  well  as  his  senses,  and  passions. 
They  are  qualities,  that  relate  to  men  in  society,  not  in  solitude.  It  is 
consequent  also  to  the  same  condition,  that  there  be  no  propriety,  no 
dominion,  no  mine  and  thine  distinct;  but  only  that  to  be  every  man's, 
that  he  can  get;  and  for  so  long,  as  he  can  keep  it.  And  thus  much  for 
the  ill  condition,  which  man  by  mere  nature  is  actually  placed  in;  though 
with  a  possibihty  to  come  out  of  it,  consisting  partly  in  the  passions, 
partly  in  his  reason. 

Hobbes'  conclusions  are  realistic  and  to  the  point: 

And  consequently  it  is  a  precept,  or  general  rule  of  reason,  that  every 
man  ought  to  endeavour  peace,  as  far  as  he  has  hope  of  obtaining  it; 
and  when  he  cannot  obtain  it,  that  he  may  seek,  and  use,  all  helps,  and 
advantages  of  war.  The  first  branch  of  which  rule,  containeth  the  first, 
and  fundamental  law  of  nature;  whicli  is,  to  seek  peace,  and  follow  it. 
The  second,  the  sum  of  the  right  of  nature;  which  is,  by  all  means  we  can, 
to  defend  ourselves. 
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Sir  Matthew  Hale  would  probably  have  secured  a  prominent 
position  in  the  literature  of  evolution  if  all  of  his  ideas  which  were 
relevant  to  the  subject  had  been  recorded  in  a  single  passage. 
As  it  is  we  must  search  through  his  work,  The  Primative  Origination 
of  Mankind,  London,  1677,  to  collect  a  few  sentences  here  and 
there  which  bear  on  the  subject.  Hale  believed  in  degeneration 
(mutation),  the  inheritance  of  acquired  characters  and  the  forma- 
tion of  new  varieties  by  hybridization.  The  following  quotation 
shows  that  he  also  recognized  the  struggle  for  existence  and  that 
he  anticipated  Malthus  in  listing  the  checks  to  an  excessive 
increase  of  population.    From  p.  211-212: 

So  among  Brutes,  Birds,  Fishes  and  Inserts  there  is  a  continual 
invading  and  prevalence  of  the  more  powerful,  active  and  lively,  over  the 
more  weak,  flegmatick,  and  unactive  Creatures;  the  Bear,  Lion,  Wolf, 
Dog,  Fox,  etc.  pursue  the  Sheep,  Oxen,  Hare,  Coney,  etc.  and  prey  upon 
them:  the  like  is  evident  among  Birds  and  Fishes,  and  generally  Insects, 
being  the  weaker  and  more  unconsiderable  parts  of  Nature. 

Hale  ascribed  the  population  checks  to  the  skillful  planning  of 
a  wise  Providence,  which  succeeds  in  preserving  the  balance  of 
nature.   He  proceeds: 

And  upon  this  seemingly  impertinent  Diversion  touching  the  Reduc- 
tions and  Correctives  of  these  inferior  Animals,  there  may  seem  to  be 
collected  reasonably  an  analogical  Inference  of  the  like  means  of  the 
Correctives  of  the  Generations  of  Mankind;  and  that  although  in  an 

ordinary  course  of  Human  Productions  the  Increase  surmounts  the 
Decay,  yet  there  may  be  reasonably  supposed  such  Periodical  Corrections 
as  might  fairly  keep  the  state  of  Mankind  in  a  mediocrity  and  e([uability 
although  it  should  be  supposed  the  Generations  of  Mankind  had  been 
Eternal. 

And  although  these  Correctives  may  not  happen  every  Day,  or  every 
Year  in  the  ordinary  course  of  things,  and  therefore  may  be  called  ex- 
traordinary, because  they  are  less  (n  diimrv  than  the  common  Causalties 
of  Mankind,  as  Sickness  or  Accident  that  happens  to  this  or  that  indi- 
vidual Person  promiscuously,  yet  they  are  in  trutli  no  more  extraordinary, 
than  a  cold  Winter  is  extraordinary;  which  although  it  is  not  every  Day, 
nor  doth  it  happen  every  Year  possibly  in  an  equal  Degree,  yet  it  is  no 
extraordinary  thing  in  Nature,  if  it  happens  once  in  5,  or  10,  or  20  years. 

Having  therefore  considered  these  Correctives  in  the  inferior  Animal 
Nature,  I  shall  now  search  out  what  may  be  those  Correctives,  that  may 
be  applicable  to  the  Reductions  of  the  Generations  of  Mankind  to  an 
Equability,  or  at  least  to  keep  it  within  such  bounds  as  may  keep  it  from 
surcharging  the  World;  whereby  if  in  the  Period  of  2,  or  3,  or  4000  years 
it  may  grow  too  luxuriant,  yet  it  may  in  probability  be  so  far  abated,  as 
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may  allow  it  an  Increase  of  the  like  number  of  Years  to  attain  its  former 
proportion.  So  that  by  these  Prunings  there  may  be  a  consistency  of  the 
Numbers  of  Mankind,  with  an  eternal  succession  of  Individuals. 

Those  Reductions  that  may  be  supposed  effectual  for  these  ends,  and 
such  as  the  course  of  Mankind  seem  to  have  great  Experience  of  are,  1. 
Plagues  and  Epidemical  Diseases:  2.  Famines:  3.  Wars  and  Intemecions: 
4.  Floods  and  Inundations:  5.  Conflagrations. 

Hale  offers  a  compromise  between  special  creation  and  the 
continuous  formation  of  new  species  (p.  304) : 

2.  That  all  the  Species  of  pei-foct  Animals  of  all  kinds  were  consti- 
tuted in  their  several  Sexes  in  the  fifth  and  sixth  day  of  the  Creation,  but 
yet  we  must  not  think  that  all  those  kinds  which  we  now  sec  were  at 
first  created,  but  only  those  primitive  and  radical  Species:  How  many 
sorts  of  Animals  do  we  now  see,  that  yet  possibly  are  not  of  the  same 
SpedeSf  but  have  accidental  diversifications,  as  we  may  observe  in  the 
several  Shapes  and  Bodies  of  Dogs,  Sheep,  Fyes,  Parots?  which  pos- 
sibly at  first  were  not  so  diversified;  some  variation  of  the  same  Species 
happen  by  mixt  Coition,  some  by  diversity  of  Climates,  and  other 
accidents. 

During  the  eighteenth  century  scholars  continued  to  recognize 
the  separate  postulates  which  together  make  up  our '  modem 

conception  of  natural  selection,  and  the  many  incidental  references 
to  one  or  another  of  its  elementary  propositions  show  that  it 
would  be  only  a  matter  of  time  for  the  whole  theory  to  emerge. 
The  effects  of  sexual  selection  on  human  beings  was  noted  at  this 
time  by  Jean  Chardin  and  described  by  him  in  Voyages  in  Perse, 
London,  1711.    From  Vol.  IV,  p.  98,  Ed.  of  1723: 

That  the  blood  of  the  Persians  is  naturally  gross,  appears  from  the 

Guebres,  who  are  a  remnant  of  the  ancient  Persians,  and  are  an  ugly, 
ill-made,  rough-skinned  people.  This  is  also  apparent  from  the  in- 
habitants of  the  provinces  in  the  neighbourhood  of  India,  who  never 
formed  alliances  with  any  other  tribes.  But,  in  the  other  parts  of  the 
kingdom,  the  Persian  blood  is  now  highly  refined  by  frequent  intermix- 
tures with  the  Georgians  and  Circassians,  two  nations  which  surpass  all 
the  world  in  personal  beauty.  There  is  hardly  a  man  of  rank  in  Persia 
who  is  not  bom  of  a  Georgian  or  Circassian  mother;  and  even  the  king 
himself  is  commonly  sprung,  on  the  female  side  from  one  or  other  of  these 
countries.  As  it  is  long  since  this  mixture  commenced,  the  Persian 
women  have  become  ver}'  handsome  and  ])eautiful,  though  they  do  not 
rival  the  ladies  of  Georgia.  The  men  are  generally  tall  and  erect,  their 
complexion  is  ruddy  and  vigorous,  and  they  have  a  graceful  air  and  an 
engaging  deportment.  The  mildness  of  the  climate,  joined  to  their 
temperance  in  living,  has  a  great  influence  in  improving  their  personal 
beauty.   This  quality  they  inherit  not  from  their  ancestors;  for,  without 
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the  mixture  above  mentioned,  the  men  of  rank  in  Persia,  who  are  de- 
scendants of  the  TatarSi  would  be  extremely  ugly  and  deformed. 

Buffon's  contribution  to  the  theory  of  evolution  is  well  known, 
for  he  was  undoubtedly  the  most  famous  evolutionist  of  his  ddy. 
The  passages  from  his  works  to  be  cited  here  show  that  he  under- 
stood the  implications  of  population  pressure,  thus  anticipating 
Malthus,  and  that  he  had  a  very  clear  appreciation  of  the  struggle 
for  existence. 

Nature,  in  general,  seems  to  have  a  greater  tendency  to  life  than  death, 
and  to  organize  bodies  as  much  as  possible;  the  multiplication  of  germs, 
which  may  be  infinitely  increased,  is  a  proof  of  it;  and  we  may  assert 
with  safety,  that  if  all  matter  is  not  organized,  it  is  because  organized 
beings  destroy  each  other;  or  we  can  augment  as  much  as  we  please  the 
quantity  of  living  and  vegetating  beings,  but  we  cannot  augment  the 
quantity  of  stones  or  other  inanimate  matters.  This  seems  to  indicate 
that  the  most  common  work  of  Nature  is  the  production  of  the  oiganic 
part,  and  in  which  her  power  knows  no  bounds. 

To  render  this  intelligible,  let  us  make  a  calculation  of  what  a  single 
germ  might  produce.  The  seed  of  an  elm,  which  does  not  weigh  the 
hundredth  part  of  an  ounce,  at  the  end  of  100  years  will  produce  a  tree 
whose  volume  will  be  60  cubic  feet.  At  the  tenth  year  this  tree  will  have 
produced  1000  seeds,  which  being  all  sown,  at  the  end  of  100  years  would 
each  have  also  a  volume  equal  to  60  cubic  feet.  Thus  in  1 10  years  there 
is  produced  more  than  60,000  cubic  feet  of  organized  matter;  10  years 
more  there  will  be  10,000,000  of  fathoms,  without  inchiding  the  10,000 
increased  every  year;  and  ten  years  after  there  will  be  three  times  that 
number;  thus  in  130  years  a  single  shoot  will  produce  a  volume  of  or- 
ganized matter,  which  would  fill  up  a  space  of  1000  cubic  leagues;  10 
years  after  it  could  comprehend  a  1,000,000,  and  in  10  years  more 
1,000,000  times  1,000,000  cubic  leagues;  so  that  in  150  years  the  whole 
terrestrial  globe  might  be  entirely  converted  into  one  single  kind  of  or- 
ganized matter.  In  this  production  of  organized  body  Nature  would 
know  no  bounds,  if  it  were  not  for  the  resistance  of  matters  which  are  not 
susceptible  of  organization,  and  this  proves  that  she  does  not  incline  to 
form  inanimate  but  organized  beings,  and  that  in  this  she  never  stops  but 
when  irresistible  inconveniences  are  opposed  thereto.  What  we  have 
already  said  on  the  seed  of  an  elm  may  be  said  of  any  other;  and  it  would 
be  easy  to  demonstrate,  that  if  we  were  to  hatch  every  egg  produced  by 
hens  for  the  space  of  30  years,  there  would  be  a  sufficient  number  of 
fowls  to  cover  the  whole  surface  of  the  earth. 

In  fertile  ages,  and  when  population  is  the  greatest,  the  whole  surface 
of  the  earth  seems  to  be  covered  with  men,  domestic  animals  and  useful 
plants.  But  in  the  times  of  famine  and  depopulation,  the  ferocious 
animals,  poisonous  insects,  parasitical  plants,  and  useless  herbs  resume, 
in  their  turn,  dominion  over  the  earth.  To  man  these  changes  are  ma- 
terial, but  to  Nature  they  are  perfectly  indifferent.   The  silk  worm  so 
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inestimable  to  the  former,  is  to  the  latter  only  a  caterpillar  of  the  mulborr>' 
tree.  Though  this  caterpillar,  which  so  materially  assists  in  the  supply 
of  our  luxuries,  should  disappear;  though  the  plants,  from  which  our 
domestic  animals  procure  their  nourishment,  should  be  devoured  by 
other  caterpillars;  though  still  others  should  destroy  the  substance  of 
our  corn  before  the  harvest;  in  short,  though  men  and  the  larger  animals 
should  be  starved  by  the  inferior  tribes,  Nature  would  not  be  less  abun- 
dant nor  less  alive;  she  never  protects  one  at  the  expense  of  another,  but 
especially  supports  the  whole. 

Let  us  consider  any  of  the  inferior  species  which  serve  as  food  to 
others;  herrings,  for  example,  present  themselves  in  millions  to  our 
fishermen,  and  after  having  fed  all  the  monsters  of  the  northern  sea,  they 
contribute  to  the  subsistence  of  all  the  nations  in  Europe  for  a  certain 
part  of  the  year.  If  prodigious  numbers  of  them  were  not  destroyed, 
what  would  be  the  effects  of  their  prodigious  multiplication?  By  them 
alone  would  the  whole  surface  of  the  sea  lie  covered.  But  their  numbers 
would  soon  prove  a  nuisance;  they  would  corrupt  and  destroy  each  other. 
For  want  of  sufficient  nourishment  their  fecundity  would  diminish;  by 
contagion  and  famine  they  would  be  equally  destroyed;  the  number  of 
their  own  species  would  not  be  increased,  but  the  number  of  those  that 
feed  upon  them  would  be  diminished.  As  this  remark  is  alike  applicable 
to  any  other  species,  so  it  is  necessary  they  should  prey  upon  each  other; 
the  killing  of  animals,  therefore,  is  both  a  lawful  and  innocent  custom, 
since  it  is  founded  in  nature,  and  it  is  upon  that  seemingly  hard  condition 
they  are  brought  into  existence.  .  .  . 

It  is  by  the  right  of  conquest,  however,  that  he  [man]  reigns;  he 
rather  enjoys  than  possesses,  and  it  is  by  perpetual  activity  and  vigilance 
that  he  preserves  his  advantage;  if  those  are  neglected  everything  lan- 
guishes, changes,  and  returns  to  the  absolute  dominion  of  Nature,  she 
resumes  her  power,  and  destroys  the  operations  of  man;  envelopes  with 
moss  and  dust  his  most  pompous  monuments,  and  in  the  progress  of  time 
entirely  effaces  them,  leaving  him  to  regret  having  lost  by  his  negligence 
what  his  ancestors  have  acquired  by  their  industry. 

One  of  Buffon's  famous  contemporaries  was  Denis  Diderot, 
whose  evolutionary  teachings  biologists  have  overlooked  for  some 
unknown  reason.  His  statement  of  the  case  for  evolution  is  so 
clear  and  accurate  that  it  almost  seems  that  we  would  be  forced 

to  accept  his  conclusions  as  a  logical  necessity  even  in  the  absence 
of  the  evidence  collected  since  his  time.  There  is  space  here  only 
for  a  passage  which  very  definitely  urges  natural  selection  as  an 
alternate  to  the  teleological  explanation  of  adaptation.  The 
quotation  is  in  the  form  of  a  dialogue  between  Mr.  Holmes  and 
Mr.  Saunderson,  a  blind  man,  and  occurs  in  LcUre  sur  les  aveugleSf 
published  in  1749.  From  Diderot's  Oeuvres^  Paris,  1818,  vol.  I, 
p.  319:  Mr.  Saunderson  is  speaking: 
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"Therefore  imagine,  if  you  please,  that  the  order  which  is  so  striking 
li-ds  always  existed;  but  let  me  believe  that  there  is  none,  and  that  if  we 
go  back  to  the  birth  of  things  and  time,  and  if  we  could  sense  matter 
moving  and  chaos  imravelling,  we  should  meet  a  multitude  of  unformed 
beings  for  each  several  well-organized  beings.  If  I  have  nothing  to  object 
to  you  of  on  the  condition  of  present  things,  I  can  at  least  question  you 
as  to  their  past  condition.  I  can  ask  you,  for  example,  who  told  you  at 
Leibnitz,  at  Clarke,  and  at  Newton  that  in  the  first  place  in  the  formation 
of  animals  some  were  not  without  heads  and  others  without  feet.  I  can 
maintain  to  you  that  this  one  had  no  stomach  and  that  one  no  intestines; 
that  such  in  whom  a  stomach,  palate,  and  teeth  seemed  to  permit  con- 
tinuation were  exterminated  by  some  defect  of  heart  or  lungs;  that 
monsters  appeared,  and  that  there  only  remained  those  whose  mechan- 
isms implied  no  important  contradiction,  and  which  could  subsist  by 
themselves  and  perpetuate  themselves. 

"This  supposed,  if  the  first  man  had  had  a  closed  larynx,  had  lacked 
the  suitable  food,  had  failed  through  the  parts  of  generation,  had  not  met 
his  mate,  or  had  spread  to  another  species,  M.  Holmes,  what  would  have 
become  of  humanity?  He  would  have  been  enveloped  in  the  general 
purification  of  the  imiverse;  and  this  proud  being  who  calls  himself 
man,  dissolved  and  dispersed  between  the  molecules  of  matter,  would 
have  remained  perhaps  forever,  in  thc^  ranks  of  possibilities. 

"If  there  had  never  been  malformed  creatures,  you  would  not  fail 
to  insist  that  there  will  never  be  any;  and  that  I  am  throwing  myself  into 
a  chimerical  hypothesis:  but  order  is  not  so  perfect,"  continued  Saun- 
deraon,  "that  there  do  not  still  appear,  from  time  to  time,  monstrous 
productions." 

No  history  of  the  ideas  which  led  to  our  present  evaluation  of 
natural  selection  would  be  complete  without  some  mention  of  a 
little  known  essay  by  Benjamin  Franklin.  Franklin  is  really  the 
source  of  Darwin's  inspiration,  for  he  gave  Malthus  the  clue  to 
the  theory  of  population  we  now  call  Malthusian,  and  Malthus,  as 
has  been  stated,  gave  Darwin  the  clue  which  led  to  the  discovery 
of  natural  selection.  The  essay  in  question  is  entitled  Observations 
concerning  the  Increase  of  Mankind  and  the  Peopling  of  Countries, 
It  was  written  in  1751  and  published  in  Boston  in  1755.  Its 
contents  and  ideology  will  probably  come  as  a  surprise  to  many, 
for  it  expresses  an  attitude  which  we  do  not  associate  with  Franklin. 
Sections  22,  23  and  24  are  relevant  enough  to  be  quoted  in  full. 

22.  There  is,  in  short,  no  bound  to  the  prolific  nature  of  plants  or 
animals,  but  what  is  made  by  their  crowding  and  interfering  with  each 
other's  means  of  subsistence.  Was  the  face  of  the  earth  vacant  of  other 
plants,  it  might  be  gradually  sowed  and  overspread  with  one  kind  only, 
as,  for  instance,  with  fennel;  and,  were  it  empty  of  other  inhabitants,  it 
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might  in  a  few  ages  be  replenished  from  one  nation  only,  as,  for  instance, 
with  Englishmen.  Thus,  there  are  supposed  to  be  now  upwards  of  one 
million  English  souls  in  North  America  (though  it  is  thought  scarce 
eighty  thousand  has  been  brought  over  sea),  and  yet  perhaps  there  is  not 
one  the  fewer  in  Britain,  but  rather  many  more,  on  account  of  the  em- 
plojrment  the  colonies  a^^ord  to  manufacturers  at  home.  The  million 
doubling,  suppose  but  once  in  twenty-five  years  will,  in  another  century, 
be  more  than  the  people  of  England,  and  the  greater  number  of  English- 
men will  he  on  this  side  of  the  water.  What  an  accession  of  power  to  the 
British  empire  by  sea  as  well  as  land !  What  increase  of  trade  and  navi- 
gation! What  numbers  of  ships  and  seamen!  We  have  been  here  but 
little  more  than  one  hundred  years,  and  yet  the  force  of  our  privateers  in 
the  late  war,  united,  was  greater,  both  in  men  and  guns,  than  that  of  the 
whole  British  navy  in  Queen  Elizabeth's  time.  How  important  an 
affair  then  to  Britain  is  the  present  treaty  for  settling  the  bounds  between 
her  colonies  and  the  French,  and  how  careful  should  she  be  to  secure 
room  enough,  since  on  the  room  depends  so  much  the  increase  of  her 
people. 

23.  In  fine,  a  nation  well  regulated  is  like  a  ])olypus;  take  away  a 
limb,  its  place  is  soon  supplied;  cut  it  in  two,  and  each  deficient  part  shall 
speedily  grow  out  of  the  part  remaining.  Thus,  if  you  have  room  and 
subsistence  enough,  as  you  may,  by  dividing,  make  ten  polypuses  out  of 
one,  you  may  of  one  make  ten  nations,  equally  populous  and  powerful; 
or  rather  increase  a  nation  ten  fold  in  numbers  and  strength. 

The  following  paragraph  is  of  especial  interest  in  connection 
with  ihe  present  (1940)  German  estimate  of  Germans. 

And  since  detachments  of  English  from  Britain,  sent  to  America, 
will  have  their  places  at  home  soon  supplied  and  increase  so  largely  here; 
why  should  the  Palatine  boors  be  suffered  to  swarm  into  our  settlements, 
and,  by  herding  together,  establish  their  language  and  manners,  to  the 
exclusion  of  ours?  Why  should  Pennsylvania,  founded  by  the  English, 
become  a  colony  of  aliens,  who  will  shortly  be  so  numerous  as  to  German- 
ize us  instead  of  our  Anglifying  them,  and  will  never  adopt  our  language 
or  customs  any  more  than  they  can  acquire  our  complexion? 

24.  Which  leads  me  to  add  one  remark,  that  the  number  of  purely 
white  people  in  the  world  is  proportionably  very  small.  All  Africa 
is  black  or  tawny;  Asia  chiefly  tawny;  America  (exclusive  of  the  new- 
comers) wholly  so.  And  in  Europe,  the  Spaniards,  Italians,  French, 
Russians,  and  Swedes  are  generally  of  what  we  call  a  swarthy  complexion; 
as  are  the  Germans  also,  the  Saxons  only  excepted,  who,  with  the  English, 
make  the  principal  body  of  white  people  on  the  face  of  the  earth.  I 
could  wish  their  numbers  were  increased.  And  while  we  are,  as  I  may 
call  it,  scouring  our  planet,  by  clearing  America  of  woods,  and  so  making 
this  side  of  our  globe  reflect  a  brighter  light  to  the  eyes  of  inhabitants  in 
Mars  or  Venus,  why  should  we,  in  the  sight  of  superior  beings,  darken  its 
people?   Why  increase  the  sons  of  Africa  by  planting  them  in  America, 
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where  we  have  so  fair  an  opportunity,  by  excluding  all  blacks  and  tawnys, 
of  increasing  the  lovely  white  and  red?  But  perhaps  I  am  partial  to  the 
complexion  of  my  country,  for  such  partiality  is  natural  to  mankind. 

Jean-Jacques  Rousseau,  in  his  ecstatic  dream  of  primitive  man, 
actually  saw  natural  selection  as  an  agent  for  improving  the 
human  species.  The  following  citation  is  from  Diacours  sur 
Vorigine  et  les  fondamens  de  I'in^galiU  parmi  les  hommeSf  Amster- 
dam, 1755.   The  italics  are  the  writer's: 

Accustomed  from  their  infancy  to  the  inclemencies  of  the  weather, 
and  the  rigour  of  the  seasons;  inured  to  fatigue,  and  forced  naked  and 
unarmed,  to  defend  themselves  and  their  prey  from  other  ferocious 
animals,  or  to  escape  them  by  flight,  mankind  would  acquire  a  robust 
and  almost  unalterable  temperament  of  body.  In  the  mean  while, 
the  children,  bringing  with  them  into  the  world  the  excellent  constitution 
of  their  parents,  and  then  confirming  it  by  the  same  exercises  which 
first  produced  it,  would  thus  acquire  all  that  strength  and  vigour,  of 
which  the  human  frame  is  capable.  Nature  in  this  case  treats  them  ex- 
actly as  Sparta  treated  the  children  of  her  citizens:  those  of  them  who  came 
todl  formed  into  the  world,  she  renders  strong  and  robiutf  and  destroys  all 
the  rest;  differing  totally  in  this  respect  from  our  modern  communities; 
in  which  the  state,  by  permitting  children  to  become  burthensome  to 
their  parents,  murders  them  all  without  distinction  even  in  the  mother's 
womb. 

Lovejoy  •  has  called  attention  to  the  fact  that  P.  L.  M.  de 
Maupertius  saw  in  natural  selection  an  explanation  of  adaptation. 
Maupertius  did  not  consider  natural  selection  the  only  possible 
explanation  but  he  showed  that  the  biological  sciences  were  not 
compelled  to  resort  to  teleology  to  account  for  the  existence  of 
fitness. 

.  .  .  May  we  not  say  that,  in  the  fortuitous  combination  of  the  pro- 
ductions of  Nature,  since  only  those  creatures  coidd  survive  in  whose 

organization  a  certain  degree  of  adaptation  was  present,  there  is  nothing 
extraordinary  in  the  fact  that  such  adaptation  is  actually  found  in  all 
those  species  which  now  exist?  Chance,  one  might  say,  turned  out  a 
vast  number  of  individuals;  a  small  j)i(){)oitiou  of  these  were  organized  in 
such  a  manner  that  the  animals'  organs  could  satisfy  their  needs.  A 
much  greater  number  showed  neither  adaptation  nor  order;  these  last 
have  aU  perished.  .  .  .  Thus  the  species  which  we  see  today  are  but  a 
small  part  of  all  those  that  a  bUnd  destiny  produced. 

The  position  of  Immanuel  Kant  as  a  forerunner  of  Darwin  has 
given  rise  almost  to  a  literature  of  its  own.    As  early  as  1875, 

«I>ovejoy,  Arthur.  "Some  Eighteenth  Century  Evolutionists."  Pop.  Sci. 
Monthly,  65:  238-251,  323-340  (1904). 
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Fritz  Schultz  published  Kant  und  Darwin,  and  Ernst  Haeckel 
stated  .  .  and  it  is  again  our  great  Konigsberg  philosopher, 
Immanuel  Kant,  in  whom  we  find  the  first  ideas  of  this  theory 
already  a  century  before  Darwin"  {History  of  Creation,  ed.  of  1896, 
p.  172).  Kant,  it's  true,  seems  to  have  played  all  around  the  idea 
of  natural  selection  but  the  idea  always  just  eluded  him.  In  his 
Physical  Geography  (1757)  he  showed  that  he  realized  the  impor- 
tance of  both  artificial  selection  and  heredity,  and  in  his  treatise 
On  the  Different  Races  of  Man  (1775),  he  held  that  it  was  the  con- 
cept of  a  careful  selection  of  special  births  which  made  possible 
the  notion  that  an  improved  race  of  men  could  be  bred.  He 
visualized  the  struggle  for  existence  for  he  stated  in  his  Pragmaiisch 
Anthropologie: 

Nature  ha,s  placod  the  germ  of  dissension  in  the  human  race,  and 
this  becomes  the  means  by  wliich  the  amelioration  of  the  race  is  accom- 
plished by  progressive  culture.  The  inner  and  outward  struggle  is  the 
impetus  wherewith  man  passes  from  a  rude  state  of  nature  into  that  of  a 
citizen,  just  as  in  the  case  of  a  piece  of  machinery,  where  two  opposite 
forces  thwart  each  other  by  friction,  but  are  nevertheless  kept  in  motion 
by  the  blow  or  pull  of  other  forces. 

It  is  not  clear  whether  Kant  visualized  the  improvement 
wrought  by  the  struggle  for  existence  as  due  to  a  liquidation  of  the 
unfit  or  to  the  fact  that  it  kept  the  individuals  involved  well 
exercised  and  in  good  athletic  trim.  The  balance  of  evidence 
indicates  that  Kant  never  grasped  the  full  logical  impUcations  of 
natural  selection,  however,  and  he  even  expressed  the  opinion  that 
the  problem  which  natural  selection  solves  could  not  be  solved. 
Osborn  ^  has  called  attention  to  the  fact  that  Kant's  views  were 
rather  mechanistic  in  his  earlier  years  but  became  more  teleological 
later.  He  could  not  conceive  of  the  suitability  of  form  in  the 
animal  and  plant  kingdom  without  purpose.  In  the  following 
passage,  quoted  from  the  English  translation  in  Osborn's  From 
the  Greeks  to  Darwin,  Kant  simply  gives  up : 

It  is  quite  certain  that  we  cannot  become  sufficiently  acquainted  with 
oi^anized  creatures  and  their  hidden  potentialities  by  aid  of  purely 
mechanical  natural  principles,  much  less  can  we  explain  them;  and  this 

is  so  certain,  that  we  may  boldly  assert  that  it  is  absurd  for  man  even  to 
conceive  such  an  idea,  or  to  hope  that  a  Newton  may  one  day  arise  even 
to  make  the  production  of  a  blade  of  grass  comprehensible,  according  to 

'  Osborn,  Henry  Fairfield.   From  the  Greeks  to  Darwin^  New  York,  1896. 
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natural  laws  ordained  by  no  intention ;  such  an  insight  we  must  absolutely 
deny  to  man. 

Charles  Bonnet  recognized  population  pressure  in  the  crowding 
together  of  individuals  and  species  in  nature  {Cotitemplntion  de  la 
naiure,  Amsterdam,  1762).  He  seems  to  have  looked  upon  the 
arrangement  as  the  working  out  of  a  rather  clever  plan.  On  the 
other  hand  the  excentric  James  Burnet  (Lord  Monboddo)  saw  a 
definite  stimulus  to  improvement  induced  by  the  struggle  for 
existence.  We  can  list  Burnet  with  those  who  anticipated  Malthus 
on  the  strength  of  a  passage  in  his  great  work,  Of  the  Origin  and 
Progress  of  Language^  Edinburgh,  1773-92.   From  Vol.  I,  p.  39: 

But  the  most  fruitful  country  may  be  overstocked  with  any  animal 
and  particularly  with  man,  who  I  bolicve  is  maintained  with  more  diffi- 
culty, even  in  his  natural  state  than  other  animals  of  much  larger  size: 
For  I  hold,  that  he  cannot  subsist  upon  herbage  or  foliage  alone,  but 
must  have  seeds,  fruits,  roots,  or  flesh.  And  it  is  to  be  considered,  that 
man  must  have  multiplied  very  much  in  his  natural  state,  as  he  likewise 
does  in  the  first  stages  of  society.  Now,  when  men  were  so  multiplied 
that  the  natural  fruits  of  the  earth  could  not  maintain  them,  they  were 
under  a  necessity  to  practice  one  or  other  of  the  following  methods; 
either  to  disperse,  and  go  in  search  of  other  countries,  where  they  might 
subsist  more  at  their  ease.  But  this  in  many  cases  might  be  imprac- 
ticable: For  the  countries  around  them  might  be,  and  in  the  proqess  of 
time  certainly  would  be,  as  much  overstocked  as  theirs;  or  they  might  be 
hindered  by  seas,  great  rivers,  or  impassable  desarts.  To  all  which  may 
be  added,  the  natural  aversion  that  every  animal  has  to  quit  its  native 
country,  and  the  haunts  to  whirh  it  has  been  accustomed.  Or,  2nd, 
They  might  prey  upon  other  animals,  or  upon  one  another.  But  this, 
besides  the  danger  of  it,  would  hardly  be  practicable  by  man  solitary, 
unassisted  by  arts,  and  without  other  weapons  than  those  which  nature 
has  given  him.  Or,  leutfy.  They  must  associate  and  provide  in  common 
what  singly  they  could  not  procure.  And  this  last  method,  it  is  natural 
to  think,  so  sagacious  an  animal  as  man  would  prefer  to  either  of  the 
other  two. 

We  would  naturally  look  into  the  anti-teleological  writings  of 
David  Hume  for  some  use  of  the  theory  of  natural  selection  to 
explain  adaptation.  Hume  did  .so  use  the  theory  but  his  concep- 
tion of  it  was  not  as  precise  nor  his  statement  of  the  case  as  clear 
as  that  of  his  predecessors,  Diderot  and  Maupertius.  The 
passage  in  question  occurs  in  his  posthumous  work,  Dialogues 
concerning  Natural  Religion,  published  in  1779,  three  years  after 
his  death.    From  p.  490  (Ed.  of  London,  1788) : 
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It  is  in  vain  therefore,  to  insist  upon  uses  of  the  parts  in  animals  or 
vegetables,  and  their  curious  adjustments  to  each  other.  I  would  fain 
know  how  an  animal  could  subsist,  unless  its  parts  were  so  adjusted? 
Do  we  not  find,  that  it  immediately  perishes  wherever  this  adjustment 
ceases,  and  that  its  matter  corrupting  tries  some  new  form?  It  happens, 
indeed,  that  the  parts  of  the  world  are  so  well  adjusted,  that  some  r^ular 
form  immediately  lays  claim  to  this  corrupted  matter:  and  if  it  were  not 
so,  could  the  world  subsist?  Must  it  not  dissolve  as  well  as  the  animal, 
and  pass  through  new  positions  and  situations:  till  in  a  great,  but  finite 
succession,  it  falls  at  last  into  the  present  or  some  such  order? 

Hume  thus  saw  that  non-adjusted  animals  could  not  exist  to 
confront  the  teleogists  and  that  an  unbalanced  world  itself  would 
not  be  in  any  state  to  support  teleologists  who  could  speculate 
about  its  unbalance.   He  also  saw  that  there  was  a  struggle  for 

existence.    From  p.  500: 

The  whole  earth,  believe  me,  Philo,  is  cursed  and  polluted.  A 
perpetual  war  is  kindled  among  all  living  creatures.  Necessity,  hunger, 
want,  stimulated  the  strong  and  courageous:  Fear,  anxiety,  terror, 
adjitates  the  weak  and  infirm. 

Lovejoy,  in  the  article  cited,  also  called  attention  to  the 
contribution  of  Herder  to  the  conception  of  population  pressure 
and  of  the  struggle  for  existence.  Herder  clearly  saw  that  popu- 
lation pressure  made  for  war  in  the  animal  kingdom  and  that  man 
was  able  to  emerge  triumphant  over  the  other  animals  because  he 
was  eminently  successful  in  this  struggle.  Although  he  personified 
Nature  he  saw  clearly  the  struggle  itself  might  cause  the  extinction 
of  some  species  if  a  changed  environment  rendered  their  past 
adaptations  unfit.  Whatever  the  outcome,  however,  it  was 
obviously  in  harmony  with  Nature's  "intention".  Herder's  antici- 
pation of  Malthus  was  included  in  his  Ideen  zur  Geschiclite  der 
Menscheit,  1784.  The  quotations  are  from  the  English  Edition, 
Outlines  of  a  Philosophy  of  the  History  of  Man,  London,  1803. 
From  Vol.  I,  p.  53: 

Nature  employs  germes,  she  employs  an  infinite  number  of  germes, 
because  in  her  grand  progress  she  promotes  a  thousand  ends  at  once. 
She  must  also  calculate  upon  some  loss;  as  every  thing  is  crowded,  and 
nothing  finds  room  complcteh-  to  dcvelope  itself.  But  that,  amid  this 
apparent  prodigality,  the  essential,  and  the  first,  fresh  powers  of  life, 
with  which  she  must  necessarily  prevent  all  accidents  in  the  course  of 
being  so  thronged,  might  never  fail,  she  made  the  season  of  youth  the 
season  of  love,  and  kindled  her  torch  with  the  most  subtile  and  active 
fire  between  earth  and  Heaven. 
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From  p.  61-63: 

.  .  .  One  species  he  [Man3  must  tame:  with  another  he  must  long  con- 
tend. Some  escape  his  dominion:  others  wage  with  him  eternal  war. 
In  short,  every  species  extends  it's  possission  of  the  Earth  in  proportion 
to  it's  capacity,  cunning,  strength,  or  courage. 

It  is  not  hero  the  question,  whether  man  have  reason,  and  beasts 
have  none.  If  they  have  not,  they  have  some  other  advantages:  for 
assuredly  Nature  has  left  none  of  her  offspring  unprotected.  Were  a 
creature  neglected  by  her,  from  whom  could  it  obtain  succor?  Since  the 
whole  creation  is  at  war,  and  the  most  opposite  powers  are  found  so  close 
to  each  other.  Here  godlike  man  is  annoyed  by  snakes,  there  by  vermin, 
here  a  shark  devours  him,  there  a  tiger.  Each  strives  with  each,  as 
each  is  pressed  upon;  each  must  provide  for  his  own  subsistence,  and 
defend  his  own  life. 

Why  acts  Nature  thus  and  why  does  she  thus  crowd  her  creatures  one 
upon  another?  Because  she  would  produce  the  greatest  number  and 
variety  of  living  beings  in  the  least  space,  so  that  one  crushes  another, 
and  an  equilibrium  of  powers  can  alone  produce  peace  in  the  creation. 
Every  species  cares  for  itself,  as  if  it  were  the  only  one  in  existence:  but 
by  it's  side  stands  another,  which  confines  it  within  due  bounds:  and  in 
this  adjustment  of  opposing  species  creative  Nature  found  tho  only  means 
of  maintaining  the  whole.  She  weighed  the  powers,  she  numbered  the 
limbs,  she  determined  the  instincts  of  the  species  toward  each  other;  and 
left  the  earth  to  produce  what  it  was  capable  of  producing. 

I  concern  myself  not,  therefore,  whether  whole  species  of  animals  have 
perished  from  the  face  of  the  Earth.  Has  the  mammoth  disappeared? 
So  have  giants.  When  these  existed,  the  relations  betwisen  the  several 
creatures  were  different:  .... 

.  .  .  Thus  in  the  present  constitution  of  our  Earth  no  species  of 
animals  has  been  lost:  though  I  question  not  but  others  may  have  existed, 
when  it's  constitution  was  dift'eiient;  and  if  at  any  future  period  Art  or 
Nature  should  completely  change  it,  a  different  relation  between  living 
creatures  would  take  place. 

Man,  in  short,  entered  an  inhabited  world.  All  the  elements,  rivers, 
and  mora.sses,  earth  and  air,  were  filled  or  filling,  with  living  creatures: 
and  he  had  to  make  room  for  his  dominion  by  his  godlike  qualities,  skill 
and  power. 

Altliousli  the  tlieory  of  sexual  selection  is  not  an  integral  part 
of  natural  selection  it  was  used  by  Darwin  as  a  most  important 
supplement  to  his  main  thesis  and  developed  in  great  detail  in  his 
Descent  of  Man.  Three  early  uses  of  this  theory  are  included  as 
samples  of  the  status  of  the  theory  before  Darwin  brought  it  to 
the  attention  of  biologists  in  general.  The  first  of  these  passages 
has  been  quoted  (Chardin).  The  second  is  taken  from  An  Essay 
on  the  Causes  of  Varieties  of  Complexion  and  Figure  in  the  Human 
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Species,  Philadelphia,  1787  by  Samuel  Stanhope  Smith,  President 
of  the  College  of  New  Jersey.    From  the  edition  of  1810,  p.  188: 

.  .  .  The  superior  ranks,  with  few  exceptions,  will  generally  excel, 
in  the  beauty  of  their  form  and  complexion,  not  only  because  they  enjoy 
in  a  higher  degree,  other  advantages  which  have  been  already  pointed 
out  as  contributing  to  this  end,  but  because  they  have  it  more  in  their 
power  to  form  connexions  in  marriage  among  the  most  beautiful  of  the 
sex.  The  Persian  nobility,  who  are  of  Tartarian  origin,  have,  in  conse- 
quence of  their  removal  into  a  more  favorable  climate,  and  their  having 
adopted  the  manners  of  a  civilized  people,  acquired  juster  ideas  of  the 
perfection  of  the  human  form  than  tliey  possessed  in  their  primitive 
seats.  Hence,  being  led  to  seek  the  most  beautiful  women  in  marriage, 
they  have  exchanged  the  harsh  features,  and  disproportioned  figures  of 
the  Tartar  ancestors,  for  a  stature  tall,  and  elegant,  and  a  form  and  ex- 
pression of  countenance  noble  and  commanding.  The  Turkish  families 
of  fortune  have,  in  like  manner,  improved  the  physical  character  of  their 
race.  And  if  we  may  ascribe  any  truth  to  the  portraits  drawn  by  Roman 
historians  of  the  ancestors  of  the  present  nations  of  Europe,  we  must 
acknowledge  that  the  refinement  of  manners,  and  the  improvements  in 
the  state  of  Society,  which  have  been  introduced  in  modem  times  among 
their  descendents,  have  contributed  also  to  produce  a  proportional  im- 
provement in  their  features,  and  their  persons. 

William  Smellie  who  wrote  Philosophy  of  Natural  History^ 
Edinburgh,  1790-1799,  described  both  population  pressure  and 
the  struggle  for  existence.  A  judicious  selection  from  his  work 
would  make  him  appear  to  be  a  real  precursor  of  Darwin  (pp. 
391-396): 

The  hostilities  of  animals,  mankind  not  excepted,  give  rise  to  mutual 
improvement.  Animals  improve,  and  discover  a  superiority  of  parts,  in 
proportion  to  the  number  of  enemies  they  have  to  attack  or  evade.  .  .  . 
Hostilities,  in  some  instances,  seem  to  arise,  not  from  a  natural  antipathy 
of  one  species  to  another,  but  from  a  scarcity  of  food.  .  .  .  A  profusion 
of  animal  life  seems  to  be  the  general  intention  of  Nature. 

These  facts  however  were  interpreted  to  show  that  nature  was 
planned,  beneficent,  and  wise.  Thus: 

But  the  fiicatest  possible  extension  of  life  would  still  be  wanting,  if 
animals  did  not  prey  upon  each  other.  If  all  animals  were  to  live  upon 
vegetables  alone,  many  species,  and  millions  of  individuals,  which  now 
enjoy  life  and  happiness,  could  have  no  existence;  for  the  productions  of 
the  earth  would  not  be  suflScient  to  support  them.  But,  by  making  ani- 
mals feed  upon  each  other,  the  system  of  animation  and  of  happiness  is 
extended  to  the  greatest  possible  degree.  In  this  view,  Nature,  instead 
of  being  cruel  and  oppressive,  is  highly  generous  and  beneficent. 
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With  Thomas  Robert  Malthiis,  we  reach  the  acknowledged 
inspirer  of  both  C'liarles  Darwin  and  Alfred  Riissel  Wallace. 
Though  Malthus  has  always  stood  high  in  tlie  estimation  of 
biologists  he  has  usually  been  represented  as  the  devil's  advocate 
in  sociological  literature.    The  numerous  refutations  of  liis  doc- 
trines some  day  should  furnish  interesting  material  for  the  history 
of  science.    It  may  not  be  out  of  place  to  give  here  a  brief  estimate 
of  the  validity  of  his  conclusions,  for  most  criticisms  of  Malthus 
are  still  based  on  political  rather  than  scientific  considerations. 
This  may  be  done  most  simply  by  a  series  of  numbered  proposi- 
tions.  First,  the  number  of  individuals  in  every  species  of  animal 
and  plant  does  tend  to  increase,  whenever  it  is  not  checked,  at  a 
rate  represented  by  a  geometrical  progression.    Second,  m  a  state 
of  nature  the  available  food  supply  tends  to  remain  constant  if 
we  disregard,  of  course,  minor  fluctuations.   As  a  consequence, 
all  populations  in  nature  remain  relatively  constant,  i.e.,  they 
change  very  slowly  and  over  a  great  period  of  time.    (But  we 
must  except  from  our  calculations  those  occasions  where  some 
force  has  temporarily  upset  the  balance  of  nature.)    Third,  the 
food  supply  for  human  beings  has  shown  a  consideral)le  increase 
in  the  immediate  past  and  prol)al)ly  will  sliow  a  further  increase 
for  some  time  to  come.    Fourth,  the  Malthusian  "law,"  population 
pressure,  does  restrain  the  natural  increase  of  all  species  of  animals 
and  plants  with  the  following  possible  exceptions:  (1)  plants  in 
arid  and  sub-arid  regions  where  the  vegetation  is  sparse  and  the 
competition  between  individual  plants  is  reduced  to  a  minimum, 
(2)  that  fraction  of  the  human  race  which  practices  birth  control. 

Two  short  excerpts  from  the  first  chapter  of  the  Essay  will 
show  how  pertinent  Malthus'  work  was  to  Darwin's  conception 
of  natural  selection. 

The  cause  to  which  I  allude  is  the  constant  tendency  in  all  animated 
life  to  increase  l)ej'ond  the  nourishment  i)repared  for  it. 

It  is  observed  by  Dr.  Franklin,  that  there  is  no  bound  to  the  prolific 
nature  of  plants  or  animals  but  what  is  made  by  their  crowding  and  inter- 
fering with  each  other's  means  of  subsistence.  Were  the  face  of  the  earth, 
he  says,  vacant  of  other  plants,  it  might  be  gradually  sowed  and  over- 
spread with  one  kind  only,  as,  for  instance,  with  fennel;  and  were  it 
empty  of  other  inhabitants,  it  might  in  a  few  ages  be  replenished  from 
one  nation  only,  as,  for  instance,  with  iMighshmen. 

This  is  incontrovertibly  true.  Throughout  t  he  animal  and  vegetable 
kingdoms  Nature  has  scattered  the  seeds  of  life  abroad  with  the  most 
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profuse  and  liberal  hand;  but  has  been  comparatively  sparing  in  the  room 
and  the  nourishment  necessary  to  rear  them.  The  germs  of  existence 
contained  in  this  earth,  if  they  could  freely  develop  themselves,  would 
fill  millions  of  worlds  in  the  course  of  a  few  thousand  years.  Necessity, 
that  imperious,  all-pervading  law  of  nature,  restrains  them  within  the 
prescribed  bounds.  The  race  of  plants  and  the  race  of  animals  shrink 
under  this  great  restrictive  law;  and  man  cannot  by  any  efforts  of  reason 
escape  from  it. 

In  plants  and  irrational  animals,  the  view  of  the  subject  is  simple. 
They  are  all  impelled  by  a  powerful  instinct  to  the  increase  of  their 
species,  and  this  instinct  is  interrupted  by  no  doubts  about  providing 
for  their  offspring.  Whenever,  therefore,  there  is  liberty,  the  power  of 
increase  is  exerted,  and  the  superabundant  effects  are  repressed  after- 
wards by  want  of  room  and  nourishment. 

The  effects  of  this  check  on  man  are  more  complicated.  Impelled 
to  the  increase  of  his  species  by  an  equally  powerful  instinct,  reason 
interrupts  his  career,  and  asks  him  whether  he  may  not  bring  beings  into 
the  world  for  whom  he  cannot  provide  the  means  of  support.  If  he 
attends  to  this  natural  suggestion,  the  restriction  too  frequently  pro- 
duces vice.  If  he  hears  it  not,  the  human  race  will  be  constantly  en- 
deavoring to  increase  beyond  the  means  of  subsistence.  But  as,  by  that 
law  of  our  nature  which  makes  food  necessary  to  the  life  of  man,  popula- 
tion can  never  actually  increase  beyond  the  lowest  nourishment  capable  of 
supporting  it,  a  strong  check  on  population,  from  the  difficulty  of  ac- 
quiring food,  must  be  constantly  in  operation.  The  difficulty  must  fall 
somewhere,  and  must  necessarily  be  felt  in  some  or  other  of  the  various 
forms  of  misery,  or  the  fear  of  misery,  by  a  large  portion  of  mankind. 

That  population  has  this  constant  tendency  to  increase  beyond  the 
.means  of  subsistence,  and  that  it  is  kept  to  its  necessary  level  by  these 
causes,  will  sufficiently  appear  from  a  review  of  the  different  states  of 
society  in  which  man  has  existed.  But,  before  we  proceed  to  this  review, 
the  subject  will  perhaps  be  seen  in  a  clearer  light,  if  we  endeavour  to 
ascertain  what  would  be  the  natural  increase  of  population,  if  left  to 
exert  itself  with  perfect  freedom;  and  what  might  be  expected  to  be  the 
rate  of  increase  of  productions  of  the  earth,  under  the  most  favorable 
circumstances  of  human  industry. 

It  will  be  allowed  that  no  country'  has  hitherto  been  known  where  the 
manners  were  so  pure  and  simple,  and  the  means  of  subsistence  so  abun- 
dant, that  no  check  whatever  has  existed  to  early  marriages  from  the 
difficulty  of  providing  for  a  family,  and  that  no  waste  of  the  luiman 
species  has  been  occasioned  by  vicious  customs,  by  towns,  by  unhealthy 
occupations,  or  too  severe  labour.  Consequently  in  no  state  that  we 
have  yet  known,  has  the  power  of  population  been  left  to  exert  itself  with 
perfect  freedom. 

Whether  the  law  of  marriage  be  instituted  or  not,  the  dictate  of 
nature  and  virtue  seem  to  be  an  early  attachment  to  one  woman;  and 
where  there  were  no  imi)ediments  of  any  kind  in  the  way  of  a  union  to 
which  such  an  attachment  would  lead,  and  no  causes  of  depopulation 
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aftenvards,  the  increase  of  the  human  specios  would  be  evidently  much 
greater  than  any  increa.se  which  has  been  hitherto  known. 

In  the  northern  states  of  America,  where  means  of  subsistence  have 
been  more  ample,  the  manners  of  the  people  more  pure,  and  the  checks 
to  early  marriages  fewer,  than  in  any  of  the  modern  states  of  Europe, 
the  population  has  been  found  to  double  itself,  for  above  a  century  and  a 
half  successively,  in  less  than  twenty-five  years.  Yet,  even  during  these 
periods,  in  some  of  the  towns,  the  deaths  exceeded  the  births,  a  circum- 
stance which  dearly  proves  that,  in  those  parts  of  the  country  which 
supplied  the  deficiencj',  the  increase  must  have  been  much  more  rapid 
than  the  general  average. 


In  this  supposition  no  limits  whatever  are  placed  to  the  produce  of  the 
earth.  It  may  increase  forever,  and  be  fz;reater  than  any  assignable 
quantity;  yet  still  the  power  of  population  being  in  every  period  so  much 
superior,  the  increase  of  the  human  species  can  only  be  kept  down  to  the 
level  of  the  means  of  subsistence  by  the  constant  operation  of  the  strong 
law  of  necessity,  acting  as  a  check  upon  the  greater  power. 

Malthus  "was  acquainted  with  the  effectiveness  of  artificial 
selection  in  the  improvement  of  domestic  animals  of  eighteenth 
century  England.  This  knowledge  needed  only  to  be  combined 
with  his  own  conception  of  population  pressure  to  give  him  the 
essential  elements  of  natural  selection  and  even  of  organic  evolu- 
tion. But  Malthus  never  made  the  S3mthesis.  It  seems  a  touch 
ironic  but  he  was  obviously  prevented  from  anticipating  Darwin 
by  his  own  righteous  indignation.  His  famous  Essay  was  written 
to  refute  the  wishful  thinking  of  Godwin  and  to  destroy  the 
sweetness  and  light  of  Condorcet.  Condorcet  was  all  for  per- 
fecting the  human  race  but  Malthus  saw  the  difficulties  of  this 
particular  program.  In  emphasizing  the  limitations  to  the  im- 
provement which  artificial  selection  could  make  in  domestic  stock, 
Malthus  missed  the  idea  of  evolution.    From  Book  III:  chapter  1: 

I  have  been  told  that  it  is  a  maxim  among  some  of  the  improvers 

of  cattle  that  you  may  breed  to  any  degree  of  nicety  that  you  please, 
and  they  found  this  maxim  upon  another,  which  is  that  some  of  the 
oflfspring  will  possess  the  desirable  qualities  of  the  parents  in  a  greater 
decree.  In  the  famous  Leicestershire  breed  of  sheep,  the  object  is  to 
procure  them  with  small  heads  and  small  legs.  Proceeding  upon  these 
breeding  maxims,  it  is  evident  that  we  might  go  on  till  the  heads  and  legs 
were  evanescent  quantities;  but  this  is  so  palpable  an  absurdity,  that  we 
may  be  quite  sure  the  premises  are  not  just,  and  that  there  really  is  a 
limit,  though  we  cannot  see  it  or  say  exactly  where  it  is.  In  this  case 
the  point  of  the  greatest  degree  of  improvement,  or  the  smallest  size  of  the 
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head  and  legs,  may  be  said  to  be  undefined;  but  this  is  very  different  from 
unlimited  or  from  indefinite,  in  M.  Condorcet's  acceptation  of  the  term. 
Though  I  may  not  be  able  in  the  present  instance  \u  mark  the  limit  at 
which  further  improvement  will  stop,  I  can  very  easily'  mention  a  point 
at  which  it  will  not  arrive.  I  should  not  scruple  to  assert  that  were 
the  breeding  to  continue  forever,  the  head  and  legs  of  these  sheep  would 
never  be  so  small  as  the  head  and       of  a  rat. 

It  cannot  be  true  therefore  that  among  animals  some  of  the  offspring 
will  possess  the  desirable  ciualities  of  the  parents  in  a  greater  degree,  or 
that  animals  are  indefinitely  perfectible. 

The  progress  of  a  wild  plant  to  a  beautiful  garden  flower  is  perhaps 
more  marked  and  striking  than  anything  that  takes  place  among  animals, 
yet  even  here  it  would  be  the  height  of  absurdity  to  assert  that  the  progress 
was  unlimited  or  indefinite.  One  of  the  most  obvious  features  of  the 
improvement  is  the  increase  of  size.  The  flower  has  gradually  grown 
larger  by  cult i\  at ion.  If  the  progress  were  really  unlimited,  it  might 
increase  ad  infinitum;  but  this  is  so  gross  an  absurdity  that  we  may  be 
quite  sure  that  among  |)lants  as  well  as  among  animals  there  is  a  limit 
to  improveiiicnt,  though  we  do  not  know  exactly  where  it  is.  It  is 
probable  tiiat  the  gardeners  who  contend  for  fiower-prizes  have  often 
applied  strong  dressing  without  success.  At  the  same  time  it  would  be 
highly  presumptuous  in  any  man  to  say  that  he  had  seen  the  finest 
carnation  or  anemone  that  could  ever  be  made  to  grow.  He  might 
however  assert,  without  the  smallest  chance  of  being  contradicted  hy  a 
future  fact,  that  no  carnation  or  anemone  could  ever  by  cultivation  be 
increased  to  the  size  of  a  large  cabbage;  and  yet  there  are  assignable 
quantities  greater  than  a  cabbage.  No  man  can  say  that  he  has  seen 
the  largest  ear  of  wheat,  or  the  largest  oak,  that  could  ever  grow;  but  he 
might  easily,  and  with  perfect  certainty,  name  a  point  of  magnitude  at 
which  they  would  not  arrive.  In  all  these  cases,  therefore,  a  careful 
distinction  should  be  made  between  an  unlimited  progress  and  a  progress 
where  the  limit  is  merely  undefined. 


Sound  philosophy  will  not  authorise  me  to  alter  this  opinion  of  the 
mortality  of  man  on  earth  till  it  can  be  clearly  proved  that  the  human 
race  has  made,  and  is  making,  a  decided  progress  towards  an  ilHmitalile 
extent  of  life.  And  the  chief  reason  why  I  adduce  the  two  particular 
instances  from  animals  and  i)lants  was  to  expose  and  illustrate,  if  I  could, 
the  fallacy  of  that  argument  which  infers  an  unlimited  progress  merely 
because  some  partial  improvement  has  taken  place,  and  that  the  limit 
of  this  improvement  cannot  be  precisely  ascertained. 

The  capacity  of  improvement  in  plants  and  animals,  to  a  certain 
degree,  no  person  can  possibly  doubt.  A  clear  and  decided  progress  has 
already  been  made;  and  yet  I  think  it  appears  that  it  would  be  highly 
al)surd  to  sa\'  that  this  progress  has  no  limits.  In  human  life,  though 
there  are  gi'oat  \  ariations  from  different  causes,  it  may  be  doubted  whether 
since  the  world  began  any  organic  improvement  whatever  of  the  human 
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frame  can  be  clearly  ascertained.  The  foundations,  therefore,  on  which 
the  arguments  for  the  organic  perfectibility  of  man  rest  are  unusually 
weak,  and  can  only  be  considered  as  mere  conjectures.  It  does  not 
however  by  any  means  seem  impossible  that  by  an  attention  to  breed  a 
certain  degree  of  improvement  similar  to  that  among  animals  might  take 
place  among  men.  Whether  intellect  could  be  communicated  may  be  a 
matter  of  doubt;  but  size,  strength,  beauty,  complexion,  and  perhaps 
even  longevity,  are  in  a  degree  transmissible.  The  error  does  not  lie  in 
supposing  a  small  degree  of  improvement  impossible,  but  in  not  dis- 
criminating between  a  small  improvement,  the  limit  of  which  is  unde- 
fined and  an  improvement  really  unlimited.  As  the  human  race  however 
could  not  be  improved  in  this  way  without  condemning  all  the  bad 
specimens  to  celibacy,  it  is  not  probable  that  an  attention  to  breed 
should  ever  become  general;  indeed  I  know  of  no  well-directed  attempts  of 
this  kind,  except  in  the  ancient  family  of  the  Bickerstaffs,  who  are  said 
to  have  been  very  successful  in  whitening  the  .skins  and  increasing  the 
height  of  their  race  by  prudent  marriages,  particularly  by  that  very 
judicious  cross  with  Maud  the  milkmaid,  by  which  some  capital  defects 
in  the  constitutions  of  the  family  were  corrected. 

Just  how  much  Charles  Darwin  owed  to  his  grandfather, 
Erasmus,  is  a  matter  of  dispute.  He  himself  thought  it  was  very 
little.  Several  of  his  biographers,  however,  are  inclined  to  believe 
that  he  owed  more  to  his  grandfather  than  he  realized.  At  any 
rate  the  historian  of  biology  will  find  that  the  writings  of  Erasmus 
Darwin  will  repay  an  intimate  study.  Here  we  will  quote  only  a 
single  passage  from  his  Temple  of  Naturey  London,  1803  wherein 
he  describes  the  struggle  for  existence  in  no  uncertain  language : 

Fell  Aestrus  buries  in  her  rapid  course 
Her  countless  brood  in  stag,  or  bull,  or  horse; 
Whose  hungry  larva  eats  its  living  way, 
Hatch'd  by  the  warmth,  and  issues  into  day. 
The  wing'd  Ichneumon  for  her  embryon  young 
Gores  with  sharp  horn  the  caterpillar  throng. 
The  cruel  larva  mines  its  silky  course, 
And  tears  the  vitals  of  its  fostering  nurse. 
While  fierce  Libellula  with  jaws  of  steel 
Ingulfs  an  insect-province  at  a  meal; 
Contending  bee-swarms  rise  on  rustling  wings, 
And  slay  their  thousands  with  envenom'd  stings. 

Yes!  smiling  Flora  drives  her  armed  car 

Through  the  thick  ranks  of  vegetable  war; 
Herb,  shrub,  and  tree,  with  strong  emotions  rise 
For  light  and  air,  and  battle  in  the  skies; 
While  roots  diverging  with  opposing  toil 
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Contend  below  for  moisture  and  for  soil ; 
Round  the  tall  Elm  the  flattering  Ivies  bend, 
And  strangle,  as  they  clasp  their  struggling  friend; 
Envenom'd  dews  from  Mancinella  flow 
And  scald  with  caustic  touch  the  tribes  below; 
Dense  shadowy  leaves  on  stems  aspiring  borne 
With  blight  and  mildew  thin  the  realms  of  com; 
And  insect  hordes  with  restless  tooth  devour 
The  unfolded  bud,  and  pierce  the  ravell'd  flower 

In  ocean's  pearly  haunts,  the  waves  beneath 
Sits  the  grim  monarch  of  insatiate  Death; 
The  shark  rapacious  with  descending  blow 
Darts  on  the  scaly  brood,  that  swims  below; 
The  crawling  crocodiles,  beneath  that  move. 
Arrest  with  rising  jaws  the  tribes  above; 
With  monstrous  gape  sepulchral  whales  devour 
Shoals  at  a  gulp,  a  million  in  an  hour. 
— Air,  earth,  and  ocean,  to  astonish'd  day 
One  scent  of  blood,  one  mighty  tomb  display! 
From  Hunger's  arms  the  shafts  of  Death  are  hurl'd, 
And  one  great  Slaughter-house  the  warring  world! 

The  brow  of  Man  erect,  with  thought  elate. 
Ducts  to  the  mandate  of  resistless  fate; 
Nor  Love  retains  him,  nor  can  Virtue  save 

Her  sages,  saints,  or  heroes  from  the  grave. 

While  cold  and  hunger  by  defect  oppress, 

Repletion,  heat,  and  labour  by  excess. 

The  whip,  the  sting,  the  spur,  the  fiery  brand, 

And,  cursed  Slavery!  thy  iron  hand; 

And  led  by  Luxery  Disease's  trains. 

Load  human  life  with  unextinguish'd  pains. 

Malthus'  Essay  was  written  within  two  j^ears  of  the  end  of  the 
eighteenth  century.  At  the  beginning  of  the  nineteenth  century 
evolution  was  very  definitely  "in  the  air".  Perhaps  it  would  be 
more  accurate  to  describe  the  belief  in  evolution  at  this  time  as 
underground,  as  held  by  many  naturalists  but  submerged  by  the 
dominant  belief  in  the  fixity  of  species.  Kohlbnigge  *  has  shown 
how  many  biologists  were  ready  to  welcome  the  doctrine  of 
evolution  when  it  emerged  as  a  respectable  scientific  hypothesis. 
Of  all  these  evolutionists  Prichard  came  closest  to  explaining  the 
origin  of  new  forms  through  the  operation  of  natural  selection 

'  Kohlbrugge,  J.  H.  F.  "War  Darwin  ein  originelles  Genie?"  Biol.  CcntralblaU. 
35: 9a-ll  (1915). 
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although  he  never  actually  stated  the  proposition  in  so  many 
words.  His  great  anthropological  work  started  out  as  a  disserta- 
tion, De  humani  generis  varietate  (1808).  This  was  translated  into 
English  and  published  as  Researches  into  the  Physical  History  of 
Many  London,  1813.  In  the  second  edition,  issued  in  1826, 
Piichard's  views  on  evolution  reached  their  maximum  expression. 
In  subsequent  editions  he  showed  more  and  more  interest  in  the 
minutiae  of  his  subject  and  he  seemed  to  forget  or  become  indiffer- 
ent to  its  broader  evolutionary  aspects. 

Prichard's  conception  of  evolution  seems  very  modern.  He 
distinguished  very  clearly  between  congenital  and  acquired  char- 
acteristics and  denied  the  inheritance  of  the  latter.  He  recognized 
the  sudden  appearance  of  new  forms  in  domestic  stock  which  were 
established  by  artificial  selection  when  they  proved  to  be  valuable. 
He  considered  that  new  races  of  man  were  formed  in  a  manner 
analogous  to  the  formation  of  new  varieties  of  animals  and  plants 
and  he  described  how  a  race,  well  fitted  to  one  climate  could  not 
compete  with  an  indigenous,  well  adapted  race  when  it  moved  to 
a  different  climate.  He  even  noted  the  evidence  for  evolution 
which  existed  in  animal  distribution,  and  in  the  htness  of  each 
variety  for  its  particular  habitat.  Indeed  we  are  justified  in 
marveling  how^  Prichard  avoided  discovering  that  natural  selection 
was  a  major  factor  in  organic  evolution.  The  following  passages 
are  from  the  second  (1826)  edition.    From  p.  573: 

But  there  are  more  important  differences  in  the  constitution  of  the 
European  and  the  Negro,  by  which  these  varieties  of  our  species  seem  to 
be  adapted  respectively  to  the  countries  which  they  inhabit. 

It  seems  that  j)cople  descended  from  tlie  European  nations  bear  with 
the  difficulty  an  abode  in  Africa  betwec^n  the  tropics.  The  insalubrity 
of  the  intertropical  African  climate  to  the  constitution  of  Europeans  is 
extreme,  and  has  hitherto  been  sufficient,  notwithstanding  innumerable 
attempts  at  colonization,  to  prevent  the  growth  of  any  white  population 
of  the  African  coasts. 


On  the  other  hand,  Negroes  seem  under  a  physical  disability  to 
establish  themselves  in  Europe  and  other  northern  countries,  other- 
wise we  should  find  them  here  in  numbers.  They  are  here,  more  than 
any  other  class  of  people,  subject  to  phthisical  and  scrofulous  complaints, 
and  are  seldom,  under  the  most  favourable  circumstances,  healthy.  The 
diseases  to  which  both  kinds  of  people  are  subject  in  the  climate  ap- 
propriated to  the  other,  is  the  impediment  which  has  prevented  large 
colonies  of  whites  from  forming  themselves  and  multiplying  in  tropical 
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Africa,  and  of  Negroes  in  the  North.  We  arc  told  indeed  by  Herodotus, 
that  there  was  once  founded  at  Colchis  a  colony  of  African  blacks,  but 
they  have  long  since  dwindled  away  and  disappeared. 

It  appears  to  result  from  the  foregoing  facts,  to  which  a  great  many 
others  might  probably  be  added,  that  in  mankind,  as  in  some  other  races, 
particular  varieties  are  adapted  by  constitution  and  physical  peculiarities 
to  particular  local  situations. 

These  remarks,  if  they  are  well  founded,  serve  to  illustrate  the  doctrine 
of  variation,  or  deviation,  in  the  races  of  animals  in  general,  and  they 
seem  to  lead  us  to  the  conclusion,  that  this  is  not  merely  an  accidental 
phsenomenon,  but  a  part  of  the  provision  of  nature  for  furnishing  to 
each  region  an  appropriate  stock  of  inhabitants,  or  for  modifying  the 
structure  and  constitution  of  species,  in  such  a  way  as  to  produce  races 
fitted  for  each  mode  and  condition  of  existence.  A  great  part  of  this 
plan  of  local  adaptation  appears  to  have  been  accomplished  by  the 
original  modification  of  a  genus  into  a  variety  of  species.  It  has  been 
further  continued,  and  the  same  end  promoted,  by  the  ramification  of  a 
species  into  several  varieties. 

From  p.  581 : 

A  question  now  presents  itself;  how  these- varieties  are  developed  and 
preserved  in  connexion  with  particular  climates  and  differences  of  local 
situation? 

One  cause  which  tends  to  maintain  this  relation  is  obvious.  Indi- 
viduals and  families,  and  even  whole  colonies,  perish  and  disappear  in 
climates  for  which  they  are,  by  peculiarity  of  constitution,  not  adapted. 
Of  this  fact  proofs  have  been  already  mentioned. 

Besides,  it  appears  probable  that  those  local  circumstances,  which 
are  most  congenial  to  particular  races,  do  in  fact  promote  the  appearance 
of  those  varieties  which  are  best  suited  to  them,  or  tend  to  give  rise  to 
their  production  in  the  breed. 

A  contemporary  of  Prichard's,  William  Charles  Wells,  was  the 
first  who  explained  organic  evolution  by  natural  selection.  Wells, 
a  doctor  of  medicine,  was  born  in  Charleston,  South  Carolina,  but 
removed  to  England  at  the  outbreak  of  the  Revolutionary  War. 

Darwin  did  not  know^  of  Wells'  work  and  when  he  learned  of  it, 
he  minimized  it  somewhat,  stating  that  Wells  applied  natural 
selection  "onlj"^  to  the  races  of  man,  and  to  certain  characters 
alone".  Wells  did  illustrate  the  principle  \)y  applying  it  to  human 
skin  color  but  he  obviously  understood  its  wider  application  and 
stated,  ''Similar  facts  occur  in  respect  to  other  species  of  animals." 
Wells'  theor}',  however,  received  little  attention,  aUhouf^jh  he 
certainl}'  did  not  hide  it  under  a  bushel.  In  1813,  he  presented  it 
before  the  leading  scientific  society  of  his  time,  the  Royal  Society 
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of  London,  and  it  was  included  in  his  famous  post-humous,  Two 
Essays  upon  Double  and  Siiigle  Visioriy  etc.  London,  1818.  The 
relevant  part  of  Wells'  description  of  natural  selection  is  here 
quoted  in  full : 

On  considering  the  difference  of  colour  between  Europeans  and  Afri- 
cans a  view  has  occurred  to  me  of  this  subject,  which  has  not  been  given 
by  any  author,  whose  works  have  fallen  into  my  hands.  I  shall,  there- 
fore, venture  to  mention  it  here,  though  at  the  hazard  of  its  being  thought 
rather  fanciful  than  just. 

There  is  no  circumstance,  perhaps,  in  which  these  two  races  differ  so 
much,  as  in  their  capacity  to  bear,  with  impunity,  the  action  of  the  causes 
of  many  diseases.  The  fatality  to  Europeans  of  the  climate  of  the  middle 
parts  of  Africa,  which  are,  however,  inhabited  by  n^roes  without  injury 
to  their  health,  is  well  known.  Let  it  then  be  supposed,  that  any  number 
of  Europeans  were  to  be  sent  to  that  country,  and  that  they  were  to 
subsist  themselves,  by  their  bodily  labour;  it  seems  certain,  that  the 
whole  colony  would  soon  become  extinct.  On  the  other  hand,  the 
greater  liabiUty  of  negroes  in  Europe  to  be  attacked  with  fatal  diseases 
is  equally  well  established.  If,  therefore,  a  colony  of  the  latter  race 
were  brought  to  Europe,  and  forced  to  labour  in  the  open  air  for  their 
subsistence,  many  of  them  would  quickly  die,  and  the  remainder,  from 
their  inability  to  make  great  bodily  exertions  in  cold  weather,  and  their 
being  frequently  diseased,  would  be  prevented  from  working  an  equal 
number  of  days  in  the  year  with  the  whites.  The  consequence  would  be, 
that  without  taking  farther  into  account  the  unfriendliness  of  the  climate 
to  them,  their  gains  would  be  inadequate  to  the  maintenance  of  them- 
selves and  their  famities.  They  would  thence  become  feeble,  and  be 
rendered  still  more  incapable  of  supporting  life  by  their  labour.  In  the 
meantime,  their  children  would  die  from  want,  or  disease  induced  by 
deficient  or  improper  nourishment,  and  in  this  way,  a  colony  of  the 
negro  race  in  a  cold  coinitry  would  quickly  cease  to  exist. 

This  difference  in  the  capacity  of  the  two  races  to  resist  the  opera- 
tion of  the  causes  of  many  diseases,  I  assume  as  a  fact,  though  I  am 
utterly  unable  to  explain  it.  I  do  not,  however,  suppose  that  their 
different  susceptibility  of  diseases  depends,  properly,  on  their  difference 
of  colour.  On  the  contrary,  I  think  it  probable  that  this  is  only  a  sign 
of  some  difference  in  them,  which,  though  strongly  manifested  by  its 
effects  in  life,  is  \'et  too  subtle  to  be  discovered  by  an  anatomist  after 
death;  in  like  manner  as  a  human  body,  which  is  incapable  of  receiving  the 
small-pox,  differs  in  no  observable  tiling  from  another,  which  is  still 
liable  to  be  affected  with  that  disease. 

Regarding  then  as  certain,  that  the  negro  race  are  better  fitted  to 
resist  the  attacks  of  the  diseases  of  hot  climates  than  the  white,  it  is 
rea.sonable  to  infer,  that  those,  who  only  approach  the  black  race,  will 
be  likewise  better  fitted  to  do  so,  than  others  who  are  entirely  white. 
This  is,  in  fact,  found  to  be  true,  with  regard  to  the  mixture  of  the  two 
races;  since  mulattoes  are  much  more  healthy  in  hot  climates  than  whites. 
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But  amongst  men,  as  well  as  among  other  animals,  varieties  of  a  greater 
or  less  magnitude  are  constantly  oceurring.  In  a  civilized  country, 
which  has  been  long  peopled,  those  varieties,  for  the  most  part,  quickly 
disappear  from  the  inter-marriages  of  different  families.  Thus,  if  a 
very  tall  man  be  produced,  he  very  commonly  marries  a  woman  much 
less  than  himiself,  and  their  progeny  scarcely  differs  in  size  from  their 
C3untr3rmen.  In  districts,  however,  of  very  small  extent,  and  having 
little  intercourse  with  other  countries,  an  accidental  difference  in  the 
appearance  of  the  inhabitants  will  often  descend  to  their  late  posterity. 
The  clan  of  the  Macras,  for  instance,  possess  both  sides  of  Loch-Duich  in 
Scotland;  but  those  who  inhabit  one  side  of  the  loch  are  called  the  black 
Macras,  and  the  others  the  white,  from  a  difference  which  has  ahvays 
been  observed  in  their  complexions.  Again,  those  who  attend  to  the 
improvement  of  domestic  animals,  when  they  find  individuals  possessing, 
in  a  greater  degree  than  common,  the  qualities  they  desire,  couple  a  male 
and  female  of  these  together,  then  take  the  best  of  their  offspring  as  a  new 
stock,  and  in  this  way  proceed,  till  they  approach  as  near  the  point  in 
view-,  as  the  nature  of  things  will  permit.  But  what  is  here  done  by  art, 
seems  to  be  done,  with  equal  efficacy,  though  more  slowly,  by  nature, 
in  the  formation  of  varieties  of  man,  which  would  occur  among  the  first 
few  and  scattered  inhabitants  of  the  middle  regions  of  Africa  some  one 
would  be  better  fitted  than  the  others  to  bear  the  diseases  of  the  country. 
This  race  would  consequently  multiply,  while  the  others  would  decrease, 
not  only  from  their  inability  to  sustain  the  attacks  of  disease,  but  from 
their  incapacity  of  contending  with  their  more  vigorous  neighbors.  The 
colour  of  this  vigorous  race  I  take  for  granted,  from  what  has  been  aireacl>' 
said,  would  be  dark.  But  the  same  disposition  to  form  varieties  still 
existing,  a  darker  and  a  darker  race  would  in  the  course  of  time  occur, 
and  as  the  darkest  would  be  best  fitted  for  the  climate,  this  would  at 
length  become  the  most  prevalent,  if  not  the  only  race,  in  the  particular 
country  in  which  it  had  originated. 

In  Uke  manner,  that  part  of  the  original  stock  of  the  human  race, 
which  proceeded  to  the  colder  regions  of  the  earth,  would  in  process  of 
time  become  white,  if  they  were  not  originally  so,  from  persons  of  this 
colour  being  better  fitted  to  resist  the  diseases  of  such  climates,  than 
others  of  a  dark  skin. 

The  cause  which  I  have  stated,  as  likely  to  have  influence  on  the 
colour  of  the  human  race,  would  necessarily  operate  chiefly  during  its 
infancy,  when  a  few  wandering  savages,  from  ignorance  and  improvi- 
dence, must  have  found  it  difficult  to  subsist  throughout  the  various 
seasons  of  the  year,  even  in  countries  the  most  favourable  to  their  health. 
But,  when  men  have  acquired  the  knowledge  of  agriculture,  and  other 
arts,  and  in  consequence  adopt  a  more  refined  mode  of  life,  it  has  been 
found,  that  an  adherence  to  their  ancient  customs  and  practices  will 
preserve  them  long  as  a  distinct  race  from  the  original  inhabitants  of  the 
country  to  w^hich  they  had  emigrated.  Examples  of  this  kind  are  fre- 
quent in  the  islands  in  tlie  eastern  seas  in  the  torrid  zone,  where  the 
inhabitants  of  the  sea-coasts,  evidently  strangers,  are  in  some  degree 


NATURAL  SELECTION  BEFORE  '*  ORIGIN  OF  SPECIES  "  109 

polished,  and  of  a  brown  colour,  while  the  ancient  natives,  who  live  in  the 
interior  parts,  are  savage  and  black.  Similar  facts  occur  in  respect  to 
other  species  of  animals.  It  seems  certain,  for  instance,  that  fine  vvoolled 
sheep,  like  the  Spanish,  never  both  arose  and  sustained  their  breed  in  the 
northern  parts  of  Europe;  yet,  by  care,  this  feeble  race,  after  being  formed 
in  Spain,  has  been  propagated  and  preserved  in  very  cold  countries. 
Thus  the  late  Mr.  Drylander,  the  learned  librarian  of  the  Royal  Society, 
informed  me,  that  the  breed  of  fiine  woolled  Spanish  sheep  had  been  kept 
perfect  in  Sweden  during  a  very  long  term  of  years,  I  think  he  said  a 
century.  If,  then,  my  memory  be  accurate  upon  this  point,  we  have 
here  an  example  of  a  variety  of  animals,  much  more  liable  to  be  affected 
by  external  circumstances  than  the  human  race,  being  preserved  without 
change,  in  a  country  very  different  from  their  own,  by  assimilating  their 
new  state  as  much  as  possible  to  their  old,  during  at  least  fifty  generations, 
that  is,  during  a  period  equivalent  to  1500  years  in  the  history  of  man. 

William  Lawrence,  like  Prichard,  almost  arrived  at  an  explana- 
tion of  evolution  through  the  action  of  natural  selection  and,  like 
Prichard,  just  failed  to  make  the  ultimate  logical  inference.  In 
his  Lectures  on  the  Natural  history  of  Man,  London,  1819,  he 
discussed  the  inheritance  of  acquired  characters  but  discarded  the 
idea.  On  the  other  hand  he  saw  how  geographical  isolation  could 
establish  new  varieties.  He  recognized  the  role  of  sexual  selection, 
and  the  function  of  artificial  selection  in  general.  He  even  hoped 
that  a  logical  program  of  selective  breeding  would  produce  an 
eugenic  improvement  in  rundown  human  stock.  How  close  he 
came  to  the  concept  of  natural  selection  is  shown  by  the  juxta- 
position of  the  following  citations.  After  rejecting  the  inheritance 
of  acquired  characters,  he  stated  (p.  348) : 

It  is  obvious  that  the  external  influences  just  considered,  even  though 
we  should  not  allow  them  to  a  much  greater  influence  on  individuals  than 
experience  warrants  us  in  admitting,  would  be  still  entirely  inadequate  to 
account  for  those  signal  diversities  which  constitute  differences  of  race 
in  animals.  These  can  be  explained  only  by  two  principles  already 
mentioned;  namely,  the  occasional  production  of  an  offspring  with 
different  characters  from  those  of  the  parents,  as  a  native  or  congenital 
variety;  and  the  propagation  of  such  varieties  by  generation. 

Artificial  selection  is  described  (p.  179) : 

The  greatest  differences  are  produced  when  man  regulates  the  sexual 
intercourse  of  animals;  by  selecting  individuals  to  breed  from,  he  can 

effect  the  most  surprising  changes  in  form  and  qualities,  as  the  examples 
of  the  pig,  sheep,  horse,  cow,  and  dog,  will  abundantly  evince.  The 
deviation  has  become  at  last  so  great,  that  the  original  stock  from  which 
the  animals  descended  is  doubtful. 
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Selection  is  applied  to  man  (p.  313) : 

The  hereditary  transmission  of  physical  and  moral  qualities,  so  well 
understood  and  familiarly  acted  on  in  the  domestic  animals,  is  equally 
true  of  man.  A  superior  breed  of  human  beings  could  only  be  produced 
by  selections  and  exclusions  similar  to  those  so  succ^fuUy  employed  in 
rearing  our  more  valuable  animals. 

Finally  he  noted  that  the  differences  which  exist  between 
human  races  in  a  state  of  nature  were  produced  by  a  process 
analogous  to  artificial  selection  (p.  375) : 

The  facts  and  observations  adduced  in  this  section  lead  us  manifestly 
to  the  following  conclusions;  1st.  that  the  differences  of  physical  organiza- 
tion and  of  moral  and  intellectual  qualities,  which  characterize  the  several 
races  of  our  species,  are  analogous  in  kind  and  degree  to  those  which 
distinguish  the  breeds  of  the  domestic  animals,  and  must,  therefore,  be 
accounted  for  on  the  same  principles.  2dly,  that  they  are  first  produced, 
in  both  instances,  as  native  or  congenital  varieties,  and  then  transmitted 
to  the  offspring  in  hereditary  succession. 

The  results  of  sexual  selection  are  described  (p.  309) : 

The  great  and  noble  have  generally  had  it  more  in  their  power  than 
others  to  select  the  beauty  of  nations  in  marriage;  and  thus,  while, 
without  system  or  design,  they  gratified  merely  their  own  taste,  they  have 
distinguished  their  order,  as  much  by  elegant  proportions  of  person,  and 
beautiful  features,  as  by  its  prerogatives  in  society.  "The  same  superi- 
ority," says  Cook,  "which  is  observable  in  the  dr^  of  nobles  in  all  the 
other  islands,  is  found  here  (Sandwich  Islands).  Those  whom  we  saw, 
were,  without  exception,  perfectly  well  formed;  whereas,  the  lower  sort, 
beside  their  general  inferiority,  are  subject  to  all  the  variety  of  make  and 
figure  that  is  seen  in  the  populace  of  other  countries." 

In  no  instance,  perhaps,  has  the  personal  beauty  of  a  people  been  more 
improved,  by  introducing  handsome  individuals  to  breed  from,  than  in 
the  Persians,  of  whom  the  nobility  have,  by  this  means,  completely 
succeeded  in  washing  out  the  stain  of  their  Mongolian  origin. 

Patrick  Matthews'  claim  to  priority  over  Darwin  and  Wallace 
in  originating  the  idea  of  natural  selection  was  acknowledged  by 
Darwin  in  the  preface  to  the  second  edition  of  the  Origin  of  Species. 
Matthews'  claim  was  based  on  his  book,  Naval  timber  and  abori- 
cuUuref  London,  1831,  for  he  had  expressed  his  belief  in  an  appendix 
that  the  present  species  had  not  been  created  as  they  were  but 
that  they  had  evolved  from  other  forms.  No  one  seems  to  have 
noticed  the  idea  until  after  Darwin's  work  w^as  published,  when 
Matthew  called  attention  to  his  earlier  statement  of  natural 
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selection  in  an  article  printed  in  the  Gardner's  Chronicle,  on 
April  7,  1860.  Darwin's  reply  to  Matthews'  claim  was  to  ac- 
knowledge Matthews'  priority  completely  and  to  offer  in  explana- 
tion the  fact  that  neither  he  nor  apparently  any  other  naturalist 
had  ever  heard  of  Matthews'  views. 

The  following  quotations  are  from  the  passages  republished  by 
Matthews  in  the  Gardner's  Chronicle. 

There  is  a  law  universal  in  Nature,  tending  to  render  every  reproduc- 
tive being  the  best  possibly  suited  to  its  condition  that  its  kind,  or  that 
organized  matter  is  susceptible  of,  which  appears  intended  to  model  the 
physical  and  mental  or  instinctive  powers,  to  their  highest  perfection, 
and  to  continue  them  so.  This  law  sustains  the  lion  in  his  strength,  the 
hare  in  her  swiftness,  and  the  fox  in  his  wiles.  As  Nature,  in  all  her 
modifications  of  life,  has  a  power  to  increase  far  beyond  what  is  needed 
to  supply  the  place  of  what  falls  by  Time's  decay,  those  individuals  who 
possess  not  the  requisite  strength,  swiftness,  hardiness,  or  cunning,  fall 
prematurely  without  reproducing  —either  a  prey  to  their  natural  de- 
vourers,  or  sinking  under  disease,  generally  induced  by  want  of  nourish- 
ment, their  place  being  occupied  by  the  more  perfect  of  their  own  kind, 
who  are  pressing  on  the  means  of  subsistence. 


The  self-regulating  adaptive  disposition  of  organised  life  may,  in 
part,  be  traced  to  the  extreme  fecundity  of  nature,  who,  as  before  stated, 
has,  in  all  the  varieties  of  her  offspring,  a  proUfic  power  much  beyond  (in 
many  cases  a  thousandfold)  what  is  necessary  to  fill  up  the  vacancies 
caused  by  senile  decay.  As  the  field  of  existence  is  Ihnited  and  pre- 
occupied, it  is  only  the  hardier,  more  robust,  better  suited  to  circumstance 
individuals  wlio  are  able  to  struggle  forward  to  maturity,  these  inhabiting 
only  the  situations  to  which  they  have  superior  adaptation  and  greater 
power  of  occupancy  than  any  other  kind;  the  weaker,  less  circumstance- 
suited  being  prematurely  destroyed.  This  principle  is  in  constant 
action,  it  regulates  the  colour,  the  figure,  the  capacities,  and  instincts; 
those  individuals  of  each  species,  whose  colour  and  covering  are  best 
suited  to  concealment  or  protection  from  enemies,  in  defense  from  vicissi- 
tude and  inclemencies  of  cUmate,  whose  figure  is  best  accommodated  to 
health,  strength,  defense,  and  support;  whose  capacities  and  instincts 
can  best  regulate  the  physical  energies  to  self-advantage  according  to 
circumstances  in  such  immense  waste  of  primary  and  youthful  life,  those 
only  come  forward  to  maturity  from  the  strict  ordeal  by  which  Nature 
tests  their  adaptation  to  her  standard  of  perfection  and  fitness  to  con- 
tinue their  kind  by  reproduction. 

From  the  unremitting  operation  of  this  law  acting  in  concert  with  the 
tendency  which  the  progeny  have  to  take  the  more  particular  qualities 
of  the  parents,  together  with  the  connected  sexual  system  of  vegetable, 
and  instinctive  limitation  to  its  own  kind  in  animals,  a  considerable 
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uniformity  of  figure,  colour,  and  character,  is  induced,  constituting 
species;  the  breed  gradually  acquiring  the  very  best  possible  adaptation 
of  these  to  its  condition  which  it  is  susceptible  of,  and  when  alteration  of 
circumstances  occurs,  thus  changing  in  character  to  suit  these  as  far  as 
its  nature  is  susceptible  of  change. 

After  the  quotations  from  the  writings  of  Prichard,  Wells, 
Lawrence  and  Matthews,  the  short  but  fluent  description  of  the 
struggle  for  existence  by  August  Pyrimus  De  CandoUe  is  somewhat 
of  an  anti-climax.  The  passage,  however,  was  quoted  by  Sir 
Charles  Lyell  and  it  obviously  influenced  Charles  Darwin  himself. 
It  occurs  in  De  CandoUe's  Physiologie  VigiUilf  Paris,  1832,  in  a 
chapter  devoted  to  parasitism.   From  Vol.  Ill,  p.  1401 : 

All  the  plants  of  a  given  country  are  at  war  one  with  another.  The 
first  which  establish  themselves  b,y  chance  in  a  particular  spot,  tend,  by 
the  mere  occupancy  of  space,  to  exclude  other  species — the  greater 
choke  the  smaller,  the  longest  livers  replace  those  which  last  for  a  shorter 
period,  the  more  prolific  gradually  make  themselves  masters  of  the  ground, 
which  species  multipljdng  more  slowly  would  otherwise  fill. 

Lyell  used  this  passage  to  introduce  a  chapter  on  the  balance 
of  nature  in  his  Principles  of  Geology,  London,  1833.  This  chapter 
deals  in  some  detail  with  the  intense  competition  between  species 
and  with  the  complex  interrelationship  between  various  predators 
and  the  organisms  on  which  they  prey.  It  describes  the  repro- 
ductive potentialities  of  plants,  insects,  fish  and  mammals  and 
shows  how  population  pressure  operates  in  nature.  Lyell  also 
described  the  struggle  for  existence  in  its  inter-species  phase  but 
he  did  not  mention  variation  and  the  intense  intra-species  com- 
petition. Darwin  refers  to  the  description  of  the  struggle  by 
De  CandoUe  in  his  MSS  of  1842  and  1844  and  couples  the  names 
of  De  CandoUe  and  Lyell  when  he  mentions  it  in  the  Origin, 

Isidore  Geoffrey  St.  Hilaire,  well  known  for  his  advocacy  of 
evolution,  noted  briefly  that  nature  would  preserve  certain 
variations  and  eliminate  others  in  adapting  an  organism  to  a 
changed  environment.  Such  an  evolutionary  modification  would 
occur,  of  course,  in  the  absence  of  population  pressure  and  without 
any  struggle  for  existence.  The  statement  in  question  is  in  an 
article,  "Influence  du  monde  ambient  pour  modifier  les  formes 
animals,"  Mem.  de  VAcad.  de  Sci.,  12:  79,  1833: 

I  beUeve  breathing  constitutes  an  arrangement  so  powerful  for  the 
disposition  of  animal  forms,  that  it  is  not  in  the  least  necessary  for  the 
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medium  of  the  respiratory  fluids  to  be  modified  suddenly  and  strongly, 
to  cause  forms  to  be  altered  discriminately.  The  slow  action  of  time 
ordinarily  provides  this,  particularly  if  the  organism  survives  an  im- 
mediate disaster.  The  indiscernible  modifications  from  one  century 
to  another  become  cumulative  and  add  up  to  such  a  result,  that  breathmg 
may  become  a  difficult  task  and  finally  impossible  for  certain  systems 
of  oi^ans:  it  then  needs  and  creates  for  itself  another  arrangement, 
perfecting  or  altering  the  pulmonary  cells,  in  which  it  operates ;  happy  or 
lethal  modifications  occur,  which  propagate  themselves  and  which  in- 
fluence the  rest  of  the  animal  economy  in  each  detail.  For  if  these  modi- 
fications lead  to  dangerous  effects,  the  animal  which  experiences  them 
ceases  to  exist,  to  be  replaced  by  others,  with  forms  a  bit  changed,  and 
changed  to  suit  the  new  circumstances. 

If  we  consider  only  tliose  naturalists  who  almost  arrived  at  a 
conception  of  natural  selection,  together  with  Wells  and  Matthews 
who  did  reach  it,  we  would  have  a  very  false  picture  of  the  scientific 
outlook  of  the  early  nineteenth  century.  The  works  cited  in 
this  paper  must  have  been  read  by  at  least  a  few  intelligent  people. 
There  was  also  a  widespread,  if  underground,  belief  in  the  insta- 
bility of  species,  but  progress  toward  a  comprehensive  theory  of 
organic  evolution  just  did  not  occur.  The  dominant  thought  of 
the  period  indorsed  a  planned  universe  with  a  special  creation  for 
each  species.  The  widespread  acceptance  of  teleology  made 
natural  selection  an  imneeded  hypothesis  and  probably  served  as 
a  protective  inoculation  against  the  spread  of  the  doctrine.  In 
the  leading  history  of  science  written  at  this  time,  William  Whe- 
well's  History  of  the  Inductive  ScienceSf  no  mention  whatever  is 
made  of  natural  selection.  Thomas  Huxley  called  attention  to 
this  fact  twice.  ''It  is  interesting  to  observe  that  the  possibility 
of  a  fifth  alternative  [natural  selection^  in  addition  to  the  four  he 
has  stated,  has  not  dawned  upon  Dr.  Wheweirs  mind."  (Life 
and  Letters  of  Chas.  Darwin,  II:  195.)  "Whewell  had  not  the 
slightest  suspicion  of  Darwin's  main  tlicorem,  even  as  a  logical 
possibility."  (Science  supplement  to  The  Reign  of  Queen  Victoria.) 
Romanes^  has  shown,  however,  that  Whewell  did  contemplate 
natural  selection  in  his  Astronomy  and  General  Physics,  London, 
1833,  but  rejected  it  violently  in  favor  of  teleology.  From  pp. 
24-26,  Ed.  of  1852,  the  italics  are  the  writer's: 

But  in  the  existing  state  of  things,  the  duration  of  the  earth's  revolu- 
tion round  the  sun,  and  the  duration  of  the  revolution  of  the  vegetable 
functions  of  most  plants  are  equal.   These  two  periods  are  adjusted  to 

*  Bonumes,  George  John,  Darwin  and  afier  Darwin,  Chicago,  1892. 
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each  other.  The  stimulants  which  the  elements  apply  come  at  such 
intervals,  and  continue  for  such  time  that  the  plant  is  supported  in 
health  and  vip;our,  and  enabled  to  reproduce  its  kind.  Just  such  a  portion 
of  time  is  measured  out  for  the  vegetable  powers  to  execute  their  task,  a,s 
enables  them  to  do  so  in  the  best  manner. 

Now  such  an  adjustment  must  surely  be  accepted  as  a  proof  of  de- 
sign exercised  in  the  formation  of  the  world.  Why  should  the  solar 
year  be  so  long  and  no  longer?  or,  this  being  of  such  a  length,  why  would 
the  vegetable  cycle  be  exactly  of  the  same  length?  Can  this  be  chanee? 
And  this  occurs,  it  is  to  be  observed,  not  in  one,  or  in  a  few  species  of 
plants,  but  in  thousands.  Take  a  small  portion  only  of  known  species 
as  the  most  obviously  endowed  with  this  adjustment,  and  say  ten  thou- 
sand. How  should  bXI  these  organised  bodies  be  constructed  for  the  same 
period  of  a  year?  How  should  all  these  machines  be  wound  up  so  as  to 
go  for  the  same  time?  Even  allowing  that  they  could  bear  a  year  of  a 
month  longer  or  shorter,  how  do  they  all  come  within  such  limits?  No 
chance  could  produce  such  a  result.  And  if  not  by  chance,  how  otherwise 
could  such  a  coincidence  occur,  than  by  an  intentional  adjustment  of 
these  two  things  to  one  another?  by  a  selection  of  such  an  organisation  in 
plants,  as  would  fit  them  to  the  earth  on  which  they  were  to  grow;  by  an 
adaptation  of  construction  to  conditions;  of  the  scale  of  the  conditions. 

It  cannot  he  accepted  as  an  explanation  of  this  fact  in  the  economy  of 
plantSi  that  it  is  necessary  to  their  existence;  that  no  plants  could  possibly 
have  suhsi^edf  and  come  down  to  its,  except  those  which  were  thus  suited  to 
their  place  on  the  earth.    This  is  true;  but  this  does  not  at  all  remove  the 
necessity  of  recurring  to  design  as  the  origin  of  the  construction  by  which 
the  existence  and  continuance  of  plants  is  made  possible.    A  watch 
could  not  go,  except  there  were  the  most  exact  adjustment  in  the  forms 
and  positions  of  its  wheels;  yet  no  one  would  accept  it  as  an  explanation 
of  the  origin  of  such  forms  and  positions,  that  the  watch  would  not  go  if 
these  were  other  than  they  are.   //  the  objector  were  to  suppose  that 
plants  were  originally  fitted  to  years  cf  various  lengths,  and  that  such  only 
have  survived  to  the  present  time,  as  had  a  cycle  of  a  length  equal  to  our  present 
year,  or  one  which  could  he  accommodated  to  it;  we  should  reply,  that  the 
assumption  is  too  gratuitous  and  extravagant  to  require  much  consideration; 
but  that,  moreover,  it  does  not  remove  the  difficulty.    How  came  the  func- 
tions of  plants  to  be  periodical  at  all?    Here  is,  in  the  first  instance,  an 
agreement  in  the  form  of  the  laws  that  prevail  in  the  organic  and  in  the 
inorganic  world,  which  appears  to  us  a  clear  evidence  of  design  in  their 
Author.   And  the  same  kind  of  reply  might  be  made  to  any  similar 
objection  to  our  argument.    Any  supposition  that  the  universe  has  grad- 
ually approximated  to  that  state  of  harmony  among  the  operations  of  its 
different  parts,  of  which  we  have  one  instance  in  the  coincidence  now  under 
consideration,  would  make  it  necessary  for  the  objector  to  assume  a  previous 
state  of  things  preparatory  to  this  perfect  corresporuience.    And  in  this 
preparatory  condition  we  should  still  )je  able  to  trace  the  rudiments  of 
that  harmony,  for  which  it  was  proposed  to  account:  so  that  even  the 
most  unbounded  license  of  hypothesis  would  not  enable  the  opponent  to 
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obliterate  the  traces  of  an  intentional  adaptation  of  one  part  of  nature 
to  another. 

It  is  an  interesting  commentary  on  Whewell's  character  that, 
although  he  had  known  Darwin  personally  for  many  years,  he 
would  not  allow  a  copy  of  the  Origin  of  Species  in  the  Library  of 
Trinity  College,  Cambridge.^® 

Dean  Williajn  Herbert,  known  for  his  work  on  plant  hj^brid- 
ization,  is  quoted  by  Darwin,  because  of  his  recognition  of  the 
struggle  for  existence.  In  an  article  on  bulbous  plants  he  ap- 
proached very  closely  to  the  natural  selection  hypotliesis  when  he 
suggested  that  winter  hardiness  might  become  established  in  a 
hybrid  stock  through  the  survival  of  chance  variations.  From: 
AmaryUidaceae;  etc.  London,  1837,  p.  347. 

...  for  it  does  not  appear  that  in  reality  any  plant  becomes  ac- 
climated mider  our  observation,  except  by  crossing  with  a  hardier  variety, 

or  by  the  accidental  alteration  of  constitution  in  some  particular  seedling; 
not  that  any  period  of  time  does  in  fact  work  an  alteration  in  the  con- 
stitution of  an  individual  plant,  so  as  to  make  it  endure  a  climate  which 
it  was  originally  unable  to  bear.  .  .  . 

In  the  same  year  that  Herbert's  AmaryUidaceae  was  published 
Darwin  started  to  incubate  his  great  idea.  He  had  not  as  yet 
read  Malthus  but  his  Note  Book  of  1837  contains  a  passage  which 
indicates  that  he  saw  then  how  nature  could  select  adaptation  or 
fitness.  "With  respect  to  extinction,  we  can  easily  see  that  a 
variety  of  the  ostrich  (Pctise),  may  not  be  well  adapted,  and  thus 
perish  out;  or  on  the  other  hand,  like  Orpheus,  being  favourable, 
many  might  be  produced.  This  requires  the  principle  that  the 
permanent  variations  produced  by  confined  breeding  and  changing 
circumstances  are  continued  and  produce (d)  according  to  the 
adaptation  of  such  circumstances,  and  therefore  that  death  of 
species  is  a  consequence  (contrary  to  what  would  appear  in 
America)  of  non-adaptation  of  circumstances."  In  October  of  the 
next  year  he  read  the  famous  Essay  of  the  Principles  of  Population 
and,  as  he  recorded  in  the  Autobiography y  found  the  clue  which 
enabled  him  to  identify  the  agency  in  nature  which  could  select 
new  variations  and  form  new  species,  "being  well  prepared  to 
appreciate  the  struggle  for  existence  .  .  .,  it  at  once  struck  me 
that  under  these  circumstances  favourable  variations  would  tend 

1*  West,  Geoffrey,  CharUs  Dartnn,  the  Fragmentary  Man,  London,  1937. 
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to  be  preserved,  and  unfavourable  ones  to  be  destroyed.  The 
result  of  this  would  be  the  formation  of  new  species.  Here  then 
I  had  at  last  got  a  theory  by  which  to  work.'' 

Darwin  now  had  a  clear  conception  of  natural  selection  as  the 
essential  cause  of  the  origin  of  species  and  of  organic  evolution 
in  general.  In  1842,  he  made  a  crude  outline  of  his  hypothesis 
which  was  developed  into  a  more  finished  essay  in  1844.  The 
contents  of  these  two  MSS  are  now  readily  available."  It  was 
an  abstract  of  this  essay  of  1844,  together  with  a  letter  on  natural 
selection  written  by  Darwin  in  1857  to  Asa  Clray,  which  were 
read  before  the  Linnean  Society  on  July  1,  1858  as  Darwin's 
contribution  to  the  famous  Darwin-Wallace  session.  While 
Darwin  discussed  his  idea  of  natural  selection  with  his  friends, 
some  of  whom  were  the  leading  scientists  of  the  time,  he  did  not 
publish  it  until  twenty  years  after  its  inception.  Meanwhile, 
Sir  Richard  Owen,  Herl)ert  Spencer  and  Charles  Naudin  came 
very  close  to  the  realization  of  the  existence  of  natural  selection 
and  its  logical  implications  and  Alfred  Russel  Wallace  actually 
reached  Darwin's  conclusions  independently. 

Perhaps  nothing  in  the  history  of  natural  selection  is  as  obscure 
as  the  role  played  by  Sir  Richard  Owen;  Owen  was  a  patronizing 
friend  of  Darwin's  when  the  latter  was  a  young  unknown  naturalist, 
a  bitter  and  vindictive  enemy  when  Darwin  became  a  famous 
scientist.  The  concensus  of  opinion  seems  to  be  that  Owen  was  a 
brilliant  but  unscrupulous  man,  jealous  and  unforgiving.  Many 
of  the  anonymous  attacks  on  Darwin  which  followed  the  publica- 
tion of  the  Origin  of  Species  were  composed  by  Owen  and  it  is  not 
to  be  wondered  at  that  Darwin  could  not  look  upon  Owen  with 
his  usual  objectivity,  particularly  when  Owen  laid  claim  to  the 
theory  of  natural  selection.  Darwin  confessed  to  bcin^  completely 
puzzled  by  Owen's  statement  that  he  (Owen)  had  anticipated  the 
Darwin-Wallace  hypothesis.  Actually  the  records  of  the  case  are 
clear  and  the  facts  can  be  ascertained  easily. 

Before  we  can  evaluate  the  various  charges  and  counter-charges 
in  the  Darwin-Owen  dispute  we  must  examine  it  from  the  view- 
point of  the  mid-ninetccnth  century.  Today  we  accept  the  fact 
of  evolution  as  a  matter  of  course  and  are  interested  in  such 
hypotheses  as  the  inheritance  of  acquired  character  or  natural 

"  Darwin,  Chaa.,  The  Foundation  of  the  Origin  of  Species  (Edited  by  Francis  Dar- 
win), Cambridge,  1909. 
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selection  only  as  they  explain  how  evolution  occurred.  A  hundred 
years  ago  the  case  was  very  different.  Then  the  belief  in  the 
inheritance  of  acquired  characters,  which  had  been  accepted  almost 
universally  for  over  two  thousand  years,  was  held  by  a  number  of 
scientists  (Lyell  for  example)  who  did  not  believe  in  evolution. 
Likewise  in  1850,  the  date  of  Owen's  contribution,  scientists  could 
believe  that  natural  selection  was  a  potent  force  yet  refuse  very 
logically  to  credit  it  with  the  power  of  producing  new  species. 
If  we  keep  these  facts  in  mind  the  case  becomes  simple. 

Darwin's  controversial  writings  shed  little  light  on  the  matter. 
The  following  quotation  is  from  the  historical  sketch  which 
appeared  in  the  later  editions  of  the  Origin: 

When  the  first  edition  of  this  work  was  published,  I  was  so  completely 
deceived,  as  were  many  others,  by  such  expressions  as  "the  continuous 
operation  of  creative  power",  that  I  included  Prof.  Owen  with  other 
paleontologists  as  being  firmly  convinced  of  the  immutability  of  species; 
but  it  appears  (AmU.  of  VertebrateSf  III:  796)  that  this  was  on  my  part  a 
preposterous  error.  In  the  last  edition  of  this  work  I  inferred,  and  the 
inference  still  seems  to  me  perfectly  just,  from  a  passage  beginning  with 
the  words  "no  doubt  the  type  form":  <tc.  {Ibid.,  I:  xxxv)  that  Professor 
Owen  admitted  that  natural  selection  may  have  done  something  in  the 
formation  of  a  new  species;  but  this  it  appears  (Ibid.,  Ill:  798)  is  inac- 
curate and  without  evidence.  I  also  gave  some  extracts  from  a  corre- 
spondence between  Professor  Owen  and  the  Editor  of  the  London  Review 
from  which  it  appeared  manifest  to  the  Editor  as  well  as  to  myself,  that 
Professor  Ow-en  claimed  to  have  promulgated  the  theory  of  natural 
selection  b^ore  I  had  done  so ;  and  I  expressed  my  surprise  and  satisfac- 
tion at  this  announcement;  but  as  far  as  it  is  possible  to  understand  cer- 
tain recent!}'  published  passages  (Ibid.,  Ill:  798)  I  have  either  partially 
or  wholly  again  fallen  into  error.  It  is  consolatory  to  me  that  others 
find  Professor  Owen's  controversial  writings  as  difiicult  to  understand 
and  to  reconcile  with  each  other,  as  I  do. 

The  controversy  started  in  1866  when  Owen  published  the  first 
two  volumes  of  the  Comparative  Anatomy  and  Physiology  of 
Vertebrates.  In  the  preface  he  quoted  a  paragraph  from  an  article 
"On  the  Genus  Dinomis",  which  he  had  published  in  Zool.  Trans. 
(4:  15)  in  1850.   The  paragraph  follows: 

In  proportion  to  its  bulk  is  the  difficulty  of  the  contest  which,  as  a 
living  organised  whole,  the  individual  of  such  species  has  to  maintain 
against  the  surroimding  agencies  that  are  ever  tending  to  dissolve  the 
vital  bond  and  subjugate  the  living  matter  to  the  ordinary  chemical 
and  physical  forces.  Any  changes,  therefore,  in  such  external  agencies 
as  a  species  may  have  been  originally  adapted  to  exist  in,  will  miUtate 
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against  that  existence  in  a  degree  proportionate,  perhaps  in  a  geometrical 
ratio,  to  the  bulk  of  the  species.  If  a  dry  season  be  gradually  prolonged, 
the  large  mammal  will  suffer  from  the  drought  sooner  than  the  small  one ; 
if  such  alteration  of  climate  affect  the  quantity  of  vegetable  food,  the 
bulky  Herbivore  will  first  feel  the  effects  of  stinted  nourishment;  if  new 
enemies  are  introduced,  the  large  and  conspicuous  quadruped  or  bird 
will  fall  a  prey,  whilst  the  smaller  species  conceal  themselves  and  escape. 
Smaller  animals  are  usually,  also,  more  prolific  than  larger  ones. 

Here  Owen  visualized  natural  selection  as  eliminating  species 
but  not  as  creating  new  ones.    Owen  continued: 

The  actual  presence,  therefore,  of  small  species  of  animals  in  countries 
where  larger  species  of  the  same  natural  families  formerly  existed,  is  not 
the  consequence  of  any  gradual  diminution  of  the  size  of  such  species, 
but  is  the  result  of  circumstances  which  may  be  illustrated  by  the  fable 
of  the  ''Oak  and  the  Reed";  the  smaller  and  feebler  animals  have  bent 
and  accommodated  themselves  to  changes  which  have  destroyed  the 
larger  species.    They  have  fared  better  in  the  "battle  of  life". 

Accepting  this  explanation  of  the  extirpation  of  species  as  true, 
Mr.  Wallace  (Proc.  Linnean  Soc,  Aug.  1858,  p.  57)  has  applied  it  to  the 
extirpation  of  varieties;  and  as  these  do  arise  in  a  wild  species,  he  shows 
how  such  deviations  from  type  may  either  tend  to  the  destruction  of  a 
variety,  or  to  adapt  a  variety  to  some  changes  in  surrounding  conditions, 
under  which  it  is  better  calculated  to  exist,  than  the  type-form  from  which 
it  deviated. 


In  his  work  "On  the  Origin  of  Species  by  Natural  Selection",  Mr. 
Darwin  more  fully  exemplifies,  conjecturally,  the  reciprocal  influence  of 
external  conditions  and  inherent  tendencies  to  variety,  in  canying  on, 
as  he  believes,  the  deviations  from  type  to  specific  and  higher  degrees  of 
difference. 

Owen  next  explained  why  he  was  unable  to  ap;roc  with  Wallace 
and  Darwin  and  stated  that  their  theories  were  powerless  to 
explain  the  great  differences  between  species.  In  the  third  volume, 
which  appeared  in  1868  (Footnote,  p.  798),  Owen  describes  the 
origin  of  the  controversy,  states  his  claim  of  priority  to  the  concept 
of  natural  selection  and  sticks  his  famous  stiletto  into  Darwin. 
Incidentally  he  demonstrates  his  own  peculiar  intellectual 
limitations: 

A  critic  of  the  first  volume  of  the  present  work,  switching  over  the 
pages  of  the  "Preface"  with  the  speed  they  merited  at  his  hands,  caught 
sight  of  the  words,  "contest  of  existence",  "battle  of  life";  and  thereupon 
dashed  off  with — "We  would  call  attention  to  the  following  passage,  and 
ask  whether  it  is  not  actually  an  admission  of  the  Darwinian  Theory  1" 
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{^^ London  Review^\  April  28,  1866,  p.  483) ;  then  pastes  in  the  slip  beginning 
with  "the  actual  presence"  to  "fared  better  in  the  battle  of  life".  With 
the  bulk  of  two  volumes  before  him,  an  able  reviewer  could  hardly  be 
expected  to  waste  valuable  time  upon  "notes",  and  so  the  fact  escaped 
him  that  the  "admission"  or  "adoption"  was,  in  whatever  degree  it  might 
relate  to  the  D.  T.,  an  anticipation. 

Oddly  enough,  another  reviewer  (if  haply  the  same  meritorious 
labourer  may  not  have  been  doing  this  sort  of  work  for  both  periodicals) 
makes  the  same  transposition  of  dates,  mistaking  a  quotation  for  text; 
e.Q.  "not  the  least  important  feature  in  the  work  before  us  is,  that  it 
contains  a  partial  concurrence,  on  the  part  of  the  author,  in  the  theory  of 
Natural  Sdectum".  And  the  same  cutting  does  duty  as  the  "piece 
justificative",  viz.  "The  actual  presence",  Ac.  to  "battle  of  life". — 
{"Popular  Science  Review" ^  April,  1866,  p.  212). 

Having  regard  to  intelligent  countrymen  and  countr3rwomen  taking 
scientific  sustenance  from  these  weekly  and  monthly  sources,  and  who 
might  never  see  the  pages  of  the  work  reviewed,  I  ventured  to  call  at- 
tention to  the  omitted  reference  in  the  footnote  of  my  "Preface"  viz.  to 
the  volume  of  "Transactions  of  the  Zoological  Society'',  1850,  in  which  my 
theory  of  the  extinction  and  conservation  of  species  appeared,  including 
the  passage  quoted,  with  the  obvious  remark,  that  "if  the  difference  be- 
tw  cen  1858  (date  of  the  D.  T.  or  'Natural  Selection')  and  1868  (date  of 
V'ol.  1  of  Anat.  of  Vertebrates)  puts  the  writer  of  the  latter  date  in  the 
subordinate  relation  of  'admitter'  or  'adopter' — tacit  or  otherwise — to  the 
author  of  the  same  theory  at  the  earlier  date,  the  writer  of  1858  must  stand 
in  the  same  relation  to  the  author  of  the  same  theory  of  1850."  (Letter 
to  Ed.  of  "London  Review^\  May  1st,  1866.) 

Of  course,  to  every  competent  judge,  the  difference  between  a  theory 
founded  on  the  application  of  the  principle  of  the  contest  for  existence  to 
the  preservation  or  extinction  of  certain  species,  and  that  of  the  theory 
of  the  origin  of  all  species  partially  based  upon  the  same  principle,  must 
have  been  obvious;  nor  was  any  pretention  advanced,  in  the  letter  recti- 
fying the  date  of  tho  "idea",  to  the  ample  and  instructive  degree  in  which 
it  had  been  worked  out,  and  doubtless  as  an  original  thought,  by  the 
accomplished  author  of  the  Origin  of  Species. 

Darwin's  relations  were  much  more  pleasant  with  his  next 
partial  anticipator,  Herbert  Spencer,  who  soon  became  an  enthusi- 
astic Darwinian.  Spencer  called  attention  in  The  Principles  of 
Biology,  London,  1874,  to  a  paragraph  he  had  pul^lished  in  the 
Westminister  Reviews  in  April  1852,  only  to  show  how  near  he 
could  come  to  a  great  generalization  and  yet  not  see  it.  The 
following  quotations  are  taken  from  the  reprint,  A  New  Theory  of 
Population  by  R.  T.  Trail,  New  York,  1853.  Its  debt  to  Malthus 
is  obvious.    From  pp.  40-42: 

For,  as  we  all  know,  this  excess  of  fertility  entails  a  constant  pressure 
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of  population  upon  the  means  of  subsistence;  and,  as  long  as  it  exists, 
must  continue  to  do  this.  Looking  only  at  the  present  and  the  immediate 
future,  it  is  unquestionably  true  that  if  unchecked,  the  rate  of  increase 
of  people  would  exceed  the  rate  of  increase  of  food.  It  is  clear  that  the 
wants  of  their  redundant  numbers  constitute  the  only  stimulus  mankind 
have  to  a  greater  production  of  the  necessaries  of  life;  for,  were  not  the 
demand  beyond  the  supply,  there  would  be  no  motive  to  increase  the 
supply.  Moreover,  this  excess  of  demand  over  supply,  and  this  pressure 
of  population,  of  which  it  is  the  index,  cannot  be  eluded.  Though  by 
the  emigration  that  takes  place  when  the  pressure  arriv^es  at  a  certain  in- 
tensity, a  partial  and  temporary  relief  may  be  obtained,  yet,  as  by  this 
process  all  habitable  countries  must  gradually  become  peopled,  it  follows, 
that  in  the  end  the  pressure,  whatever  it  may  be,  must  be  borne  in  full. 

But  this  inevitable  redundancy  of  numbers — this  constant  increase 
of  people  beyond  the  means  of  subsistence — ^involving  as  it  does  an 
increasing  stimulus  to  better  the  modes  of  producing  food  and  other 
necessaries — involves  also  an  increasing  demand  for  skill,  intelligence, 
and  self-control — involves,  therefore,  a  constant  exercise  of  these,  that  is 
—involves  a  gradual  growth  of  them.  Every  improvement  is  at  once  the 
product  of  a  higher  form  of  humanity,  and  demands  that  higher  form  of 
humanity  to  carry  it  into  practice. 


In  all  cases,  increase  of  numbers  is  the  efficient  cause.  Were  it  not 
for  the  competition  this  entails,  more  thought  would  not  daily  be  brought 
to  bear  upon  the  business  of  life;  greater  activity  of  mind  would  not  be 
called  for;  and  development  of  mental  power  would  not  take  place. 


And  here  it  must  be  remarked,  that  the  effect  of  pressure  of  popula- 
tion, in  increasing  the  ability  to  maintain  life,  and  decreasing  the  ability 
to  multiply,  is  not  a  uniform  effect,  but  an  average  one.  In  this  case, 
as  in  many  others.  Nature  secures  each  step  in  advance  by  a  succession 
of  trials,  which  are  perpetually  repeated,  and  cannot  fail  to  be  repeated, 
until  success  is  achieved.  All  mankind  in  turn  subject  themselves  more 
or  less  to  the  discipline  described;  they  either  may  or  may  not  advance 
under  it;  but,  in  the  nature  of  things  only  those  who  do  advance  under  it 
eventually  survive.  For  necessarily,  families  and  races  whom  this 
increasing  difficulty  of  getting  a  living  which  excess  of  fertility  entails, 
does  not  stimulate  to  improvements  in  production^ — that  is,  to  greater 
mental  activity — are  on  the  high  road  to  extinction;  and  must  ultimately 
be  supi)lanted  by  those  whom  the  pressure  does  so  stimulate.  This 
truth  we  have  recently  seen  exemplified  in  Ireland.  And  here,  indeed, 
without  further  illustration,  it  will  be  seen  that  premature  death,  under 
all  its  forms,  and  from  all  its  causes,  cannot  fail  to  work  in  the  same 
direction.  For  as  those  prematurely  carried  off  must,  in  the  average  of 
cases,  be  those  in  whom  the  power  of  self-preservation  is  the  least,  it 
unavoidable  follows  that  those  left  behind  to  continue  the  race  are  those 
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in  whom  the  power  of  self  preservation  is  the  greatest — are  the  select  of 
their  generation.  So  that,  whether  the  dangers  to  existence  be  of  the 
kind  produced  by  excess  of  fertility,  or  of  any  other  kind,  it  is  clear,  that 
by  the  ceaseless  exercise  of  the  faculties  needed  to  contend  with  them, 
and  by  the  death  of  all  men  who  fail  to  contend  with  them  successfully, 
there  is  insured  a  constant  progress  toward  a  higher  degree  of  skill, 
intelligence,  and  self-r^ulation — a  better  coordination  of  actions — a 
more  complete  life. 

The  same  year  (1852)  that  Spencer  approximated  a  description 
uf  natural  selection  Cliarles  Victor  Naudin  in  the  Revue  Horticole 
(pp.  103-105)  came  even  closer  to  forestalling  Darwin.  Obviously 
so  many  biologists  were  approaching  the  conception  of  natural 
selection  that  it  was  only  a  question  of  time  until  it  would  break 
out  into  the  open.  After  describing  artificial  selection,  Naudin 
continues: 

We  don't  believe  that  nature  has  proceeded  to  form  its  species,  in 
another  manner  than  we  ourselves  proceed  in  creating  our  varieties;  let 

us  say  even  better:  it  is  her  very  procedure  that  we  have  transported  to 
our  practice.  We  draw  forth  a  variety  which  will  correspond  to  such  of 
our  needs,  and  we  choose  among  the  great  number  of  individuals  of  this 
species,  to  make  from  it  the  point  of  departure  for  a  new  line,  those  which 
appear  to  us  to  separate  themselves  already  from  the  specific  type  in  the 
s^ise  which  suits  us,  and  by  a  rational  sorting  and  following  the  products 
obtained,  we  arrive,  at  the  end  of  an  indetermined  number  of  generations, 
at  the  creation  of  varieties  or  artificial  species  which  respond  more  or  less 
well  to  the  ideal  type  which  we  have  formed,  and  which  transmits  so 
much  better  to  their  descendents  the  acquired  characteristics  which  our 
efforts  have  borne  on  a  greater  number  of  generations.  Such  is,  in  our 
ideas,  the  means  followed  by  nature;  like  us,  she  wanted  to  form  races  to 
appropriate  them  to  her  needs;  and,  with  a  relatively  small  number  of 
primordial  tjrpes,  she  caused  to  be  born  successively,  and  at  diverse 
epochs,  all  the  animal  and  vegetable  species  which  inhabit  the  globe. 


Nature  has  operated  on  an  immense  scale  and  with  immense  resources; 
we,  on  the  contrary  are  concerned  only  with  extremely  limited  means; 

but  between  her  procedure  and  ours,  between  her  results  and  those  which 
we  obtain,  the  difference  is  all  of  quantity;  between  her  species  and  those 
which  we  create  there  is  only  a  case  of  more  or  less. 

We  come  at  last  to  the  famous  session  of  the  Linnean  Society 
held  on  the  evening  of  July  1,  1868,  when  the  Darwin-Wallace 
theory  of  natural  selection  was  announced.  For  twenty  years 
Darwin  had  been  amassing  facts  to  substantiate  the  theory  of 
evolution  and  the  event  which  his  friends  had  warned  him  against 
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had  finally  occurred,  his  explanation  of  evolution  had  been  derived 
independently  by  another  naturalist,  who  happened  to  be  his 
friend,  Alfred  Russel  Wallace.  In  the  spring  of  1858  Wallace  was 
at  Ternate  in  the  North  Moluceas,  when  during  a  fever,  the  full 
grown  conception  of  natural  selection  suddenly  dawned  upon  him. 
He,  like  Darwin,  had  been  led  to  the  idea  by  reading  Malthus' 
Essay.  In  a  short  time  he  wrote  out  a  description  of  natural 
selection  in  a  paper,  On  the  tendency  of  varieties  to  depart  indefinitely 
from  the  original  type,  and  sent  the  paper  to  Darwin.  What  then 
occurred  is  too  well  known  to  need  repeating.  Sir  Charles  Lyell 
and  Mr.  J.  D.  Hooker  took  charge  of  the  situation  and  insisted 
that  a  joint  presentation  of  the  theory  of  natural  selection  be 
made  by  Darwin  and  Wallace.  Darwin's  contribution  was  a 
short  extract  from  his  Essay  of  1844  together  with  a  letter  he  had 
written  to  Asa  Gray  in  1857.  Wallace's  was  the  paper  he  had 
sent  Darwin.  The  proceedings  of  this  session  were  printed  in 
the  Journ.  Linn.  Soc,  3:  62,  1859  (Facsimilies  of  the  Darwin- 
Wallace  papers  have  appeared  in  Isis  14:  133-154,  and  natural 
selection  had  at  last  received  such  publicity  that  no  scientist 
could  be  ignorant  of  its  implications  any  longer. 

The  pubUcation  of  Darwin's  Origin  of  Species  late  in  1859 
definitely  ended  one  era  of  biology  and  introduced  another.  In 
the  meantime,  natural  selection  had  been  accepted  publicly  as  an 
explanation  of  evolution  by  Joseph  Dalton  Hooker  in  his  On  the 
Flora  of  Amtraliay  London,  1859. 

SUMMABY 

As  an  explanation  of  evolution,  natural  selec.tion  involves  a 
number  of  distinct  though  subordinate  propositions,  such  as  the 

existence  of  heritable  variations,  of  population  pressure,  of  a 
struggle  for  existence  with  the  consequent  survival  of  the  fit  or 
the  better  adapted.  Long  before  Darwin  published  the  Origin  of 
Species,  a  number  of  philosophers  and  naturalists  had  recognized 
the  validity  of  one  or  more  of  these  propositions  without,  how'ever, 
gaining  any  clear  conception  of  the  implications  of  natural  selec- 
tion. One  such  component  of  natural  selection,  population 
pressure,  was  described  by  Hale  (1677),  Buffon  (1751),  Benj. 
Franklin  (1751),  Bonnet  (1764),  Monboddo  (1773),  Herder  (1784), 
Smellie  (1790),  Malthus  (1798),  Pricliard  (1808),  Wells  (1813), 
Matthews  (1831),  De  CandoUe  (1833),  Lyell  (1833),  Geofifrey  St. 


Copyrighted  maleiial 


NATURAL  SELECTION  BEFORE  "ORIGIN  OP  SPECIES"  123 

Hilaire  (1833),  and  Spencer  (1852).  The  struggle  for  existence 
was  described  by  al-Jahiz  (9th  cent.),  Hobbes  (1651),  Hale  (1677), 
Buffon  (1751),  Monboddo  (1773),  Kant  (1775),  Herder  (1784), 
Smellie  (1790),  Erasmus  Darwin  (1794),  Wells  (1813),  De  Candolie 

(1832)  ,  LyeU  (1833),  and  Spencer  (1852). 

The  conception  of  natural  selection  itself  is  very  old.  It  can 
be  used  to  explain  both  the  evolution  of  adaptation  and  the 
evolution  of  new  species.  In  the  former  capacity  it  serves  as  an 
alternative  explanation  to  those  facts  which  are  cited  as  evidences 
of  teleology.  Natural  selection  was  described  as  the  cause  of 
adaptation  by  Empedocles  (c.  400  B.C.),  Lucretius  (99-55  B.C.), 
Diderot  (1749),  Maupertius  (1756),  and  Geoffrey  St.  Hilaire 

(1833)  .  This  explanation  was  rejected,  however,  by  Aristotle 
(384-321  B.C.),  Lactantius  (260-340  a.d.),  St.  Albertus  Magnus 
(1236),  and  Whewell  (1833).  Natural  selection  was  seen  as 
causing  the  evolution  of  new  species  by  Wells  (1813),  Matthews 
(1831),  Darwin  (1858),  and  Wallace  (1858).  The  writings  of 
several  savants  show  that  they  almost  had  a  clear  picture  of 
natural  selection  but  just  failed  to  grasp  its  full  significance. 
Among  these  were  Rousseau  (1749),  Prichard  (1808,  1826), 
Lawrence  (1819),  Geoffrey  St.  Hilaire  (1833),  Herbert  (1837), 
Spencer  (1852)  and  Naudin  (1852). 


r 

Copyrighted  material 


COMMEMORATION 

OF  THE  LIFE  AND  WORK  OF 

ALEXANDER  DALLAS  BACHE 

AND 

SYMPOSIUM  ON 
GEOMAGNETISM 


fVith  the  cooperation  of 

The  American  Philosophical  Society 

United  States  Coast  and  Geodetic  Survey 

Department  of  Terrestrial  Magnetism  of 
Carnegie  Institution  of  Washington 

Girard  College 


PHILADELPHIA 

THE  AMERICAN  PHILOSOPHICAL  SOCIETY 

Independence  Square 
1941 


COMMEMORATION  OF  THE  LIFE  AND  WORK 

OF 

ALEXANDER  DALLAS  BACHE 


AlexandcM*  Dallas  Bache  and  Uis  Connection  with  the  American  Philo- 
sophical Society    125 

Edwin  6.  ConkliNi  Executive  Vice-president,  American  Philosophical 
Society. 

Alexander  Dallas  Bache  and  His  Connection  with  The  Franklin  Institute  of 
the  State  of  Pennsylvania  145 

Hekry  Butler  Allen,  Secretary  and  Director,  The  Franklin  Institute 
of  the  State  of  Pennsylvania. 

The  Connection  of  Alexander  Dallas  Bache  with  the  University  of  Pennsyl- 
vania   151 

Edward  P.  Chf.ynky,  Professor  Emeritus  of  European  History,  Uni- 
versity of  Pennsylvania. 

Bache  as  an  Educator   161 

Merle  M.  Odoers,  President,  Girard  College. 

Alexander  Dallas  Bache  as  Superintendent  of  United  States  Coast  Survey, 
1843-1867    173 

Rear  Admiral  Leo  Otis  Colbert,  Director,  United  States  Coast  and 
Geodetic  Survey. 

Alexander  Dallas  Bache,  a  Founder,  First  President  and  Benefactor  of  the 
National  Academy  of  Sciences  181 

Frank  B.  Jewett,  President,  National  Academy  of  Sciences. 


SYMPOSIUM  ON  GEOMAGNETISM 


Terrestrial  Electricity  in  Relation  to  Geomagnetism  187 

0.  H.  GiSH,  Assistant  Director,  Department  of  Terrestrial  Magnetism, 
Carnegie  Institution  of  Washington. 

The  Magnetic  Survey  of  the  United  States  205 

N.  H.  Hf.ck,  Chiel',  Division  of  fipoinagnetism  and  Seismology,  United 
States  Coast  and  Geodetic  Survey. 

The  Significance  of  Fossil  Magnetism    225 

A.  G.  McXisn,  Deparlnient  ol'  Terrestrial  Magnetism,  Carnegie  Insti- 
tution of  Washington. 

Gr(»inas:neti<'  Observalorics  and  Instruments    239 

H.  E.  MrGoMB,  Chief,  Section  of  Observatories  and  Equipment,  United 
States  Coast  and  Geodetic  Survey. 

Magnetic  Work  at  Sea   257 

H.  P.  Johnston,  Chief,  Section  of  Observatory  Work,  Department  of 
Terrestrial  Magnetism,  Carnegie  Institution  of  Washington. 

Geomagnetism:  World-Wide  and  Cosmic  Aspects  with  Especial  Reference 
to  Early  Research  in  America    263 

J.  A.  Fleming,  Director,  Department  of  Terrestrial  Magnetism,  Car- 
n^ie  Institution  of  Washington. 

Aurora  and  Geomagnetism   299 

C.  W.  Gartlein,  Curator,  Department  of  Physics,  Cornell  University. 

Contributions  of  Ionospheric  Research  to  Geomagnetism  309 

L.  V.  Berkner,  De]>artment  of  Terrestrial  Magnetism,  Carnegie  Institu- 
tion of  Washington. 

Correlations  of  Short  W^ave  Radio  Transmission  Across. the  Atlantic  with 
Magnetic  Conditions    323 

H.  E.  Hallbokg,  Research  Engineer,  K.  C.  A.  Communications,  Inc. 

Magnetism  and  Its  Uses    339 

Paul.  R.  Heyl,  Physicist,  National  Bureau  of  Standards. 


Copyrighted  material 


a 

a> 

a 

S 
c 

K 


n3 


u 

> 
t-i 
<D 
en 
-Q 

O 


CO 


& 
o 

O 


S 

05 


W  ax 

^  13 


s3 


d  'a 


< 
CO 

«< 


^ 

C3  O  03 

ii  o  > 
pu,  O 


00 


00 


CO 

00 


00 


«  i  i 


Q 
X 


o  Cl, 

0)  P  £ 
o  .£  c 


CO 

00 
f— t 

I 

00 


3 

05 

bo 

9) 

u 

o 

O  CO 


a. 


C 

a; 

a 

§ 

> 


o 


O 


Gym 

.tS      J3  -Ji 

S    03  § 


T3 


ft, 

:3 

c 

03 
03 

:a 

«  I 

O  «*-• 

^3 


ft-  rf  0)  O 
5  J-i 

CO 


-  1  s 
«J  g  I 

ft 


V.  _ 

a>  is 

ci  S  « 

~  ft 

O)  a;  CO 

"  ft  ft 

u  ft 

03  c:: 


8  .£ 

ft<  0) 

^  oft 

v«  ^  ^  O 

ft. 23  ^"3 
5-c  ft  § 

f3        2  W 

-C  cu 

ft  .  ^  .ft  . 

2-,  2  <u  ft  - 

-  i««  i 

ill  = 

^  'ft 

S     ^  O  > 

00  C»  l> 


CO 
00 


I-  r-i 

'^O  'O 
OO  00  00 
1— I  I— (  »— ( 

I  I  ' 

CO  CO  o 

^  »c 

00  00  00 


CO 

00 

I  •• 

^  CO 

CO  CO 

00  00 


cO 
00 

I  •• 

CO  h- 

CO  CO 

00  00 


ft 

o 

22 


ft 
o 


a 

OS  oj 

1^  <5 


1-5 

73  VJ 


O 

03 
ft 
O 

3 


C5 


ft 


ft 

(-1 
o 

ft 


I 

""■ft 
.  A-  U3 

»— (  H-( 

rv-  -f^ 

HH     ^  t, 

o  +^ 
ft.. 22 

ft.^  s 


CO 


ft  o 

O  03 
CO  _C  bC 

13  2  ^ 
"  ft 

.1-1  2 


o 


cc 
ft 
O 


J5  .Si 

on  ^ 


03 
-ft 


P  j3 


CO 


^  bC  03 
ft  ft  ft 

03  03  •  -  C 
^   o   - ,  •  ^ 

C/  C3 

ft 


CD 


5,  9 


o 

CO 


QQ 

•  ^ 

-ft 


O 


03 


^  ^  ft 

*w     M  w 


«  «^  <^ 

O  ^  c3 


o 

tri 

CO 

<-•-. 

O 

tn 

^  Pi 

o 

ft  ft 


o  ~ 
bC;2<3 

»-( 

O  S  55 

.ft  C  c 

5f  c3  p 

W  ^  Pi 


ft 


03 

Ci 

'E 
o 

CO 

O 


ft  fc- 

o 

,—,  ^ 

^< 

ft  ^ 

O  <3J 
>  O 


X  .ft 

i.5i 


I 


03 

a 
o 

bC  o3 

-ft  bC 
.ft  ^  ft 
CL    C3  -r" 

GO 

a; 
ft 


O 
(-1 

ft 


ft 
o 

03 


03 


ft 
O 


ft 

ft  bC 
03  03 

s  a 

o3  CO 

w  u  S 


-  ft 

.ft  a 


03 


O  g 
CO 


^  s  ft 


s  s 


c  ft 


02 


to 

s 


00 

I 

»— < 

00 


CO  00 

00  00 


CO 

CO 
00 


»!^  ci  00  ot 
(M  (M  (N  (M 
00  00  00  X 


o 

CO 
00  00 


00 

T—t 

CO 
00 


00 


CO  CO 
CO  CO 
00  00 


Oi 
CO 
00 


Copyrighted  material 


ALEXANDER  DALLAS  BACHE  AND  HIS  CONNECTION 
WITH  THE  AMERICAN  PHILOSOPHICAL  SOCIETY 


EDWIN  G.  CONKUN 
Executive  Vice-president,  American  Philoeophical  Society 

(iiead  February  I4, 1941,  in,  Commemoration  oj  A.  D.  Bache) 

A  FEW  words  of  explanation  should  be  given  of  the  program 
which  has  been  arranged  for  tliis  meeting.  A  year  or  more  ago 
Captain  N.  H.  Heck,  Cliief,  Division  of  Geomagnetism  and  Seis- 
mology, United  States  Coast  and  Geodetic  Survey,  suggested  that 
a  meeting  in  commemoration  of  Alexander  Dallas  Bache  and  of 
the  important  work  on  geomagnetism  which  he  started  be  held 
at  the  American  Philosophical  Society.  Our  Gommittee  on  Meet*- 
ings  gladly  approved  this  proposal,  and  I  take  this  opportunity  of 
thanking  Captain  Heck  and  Dr.  John  A.  Fleming,  Director, 
Department  of  Terrestrial  Magnetism  of  the  Carnegie  Institution 
of  Washington,  for  the  important  assistance  which  they  have 
rendered  in  organizing  this  program.  We  are  also  deeply  indebted 
to  Dr.  Merle  M.  Odgers,  President,  Girard  College  and  to  Dr. 
Roland  S.  Morris,  President,  American  Philosophical  Society  and 
member  of  the  Board  of  City  Trusts  in  charge  of  Girard  College, 
for  their  cooperation  in  this  celebration.  It  was  on  the  grounds 
of  Girard  College,  of  which  Alexander  Dallas  Bache  was  the  first 
President,  that  there  was  established  one  hundred  years  ago 
under  his  direction  and  with  aid  from  the  American  Philosophical 
Society  the  first  important  magnetic  observatory  in  this  hemi- 
sphere. 

Bache  was  a  leader  in  so  many  organizations  that  it  w\as  not 
possible  to  have  all  of  them  represented  individually  on  this 
program.  Six  organizations  witli  which  he  was  intimately  as- 
sociated are  represented  by  officers  of  those  bodies  on  this  program, 
namely,  the  American  Philosophical  Society,  the  University  of 
Pennsylvania,  the  Franklin  Institute,  Girard  College,  the  United 
States  Coast  and  Geodetic  Survey'  and  the  National  Academy 
of  Sciences.  A  sixth  institution  which  is  represented  by  the 
speaker  on  the  program  this  evening,  namely,  the  Department  of 
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Terrestrial  Magnetism  of  the  Carnegie  Institution  of  Washington 

was  not  in  existence  in  Professor  Bache's  time,  but  it  represents 
tiie  splendid  development  of  work  which  he  started.  A  seventh 
institution  represented  l)y  the  presiding;  officer  tomorrow  morning 
and  by  one  of  the  speakers  tomorrow  afternoon  is  the  National 
Bureau  of  Stan(hirds,  which  is  an  outgrowth  of  the  Office  of 
Weights  and  Measures  of  wliicli  Bache  was  Superintendent.' 

Other  organizations  that  sliould  have  been  represented  on  tlie 
program  if  time  and  circumstances  had  permitted  are  the  United 
States  Military  Academy  at  West  Point,  the  Central  High  School 
of  Philadelphia,  the  American  Association  for  the  Advancement 
of  Science  and  the  Smithsonian  Institution;  most  of  these  are 
represented  by  delegates.  Professor  Bache  was  closely  associated 
with  all  of  these  organizations  and  he  was  the  inspiring  leader  of 
some  of  them. 

Benjamin  Apthorp  Gould  said  of  him  in  his  eulogy  before  the 
American  Association  for  the  Advancement  of  Science  {Proc. 
A.  A.  A.  S.,  1868) : 

He  stood  forth  prcominciit  as  our  leader  in  science,  our  first  counsellor 
where  her  welfare  was  at  stake  ...  I  know  of  no  d<^i)ai-tnient  of  physi- 
cal or  natural  science  which  has  not  been  stimulated  or  fosteied  by  his 
means.  The  legislative  and  executive  departments  of  the  government, 
the  army  and  navy,  the  progress  of  education  and  scientific,  discovery, 
the  growth  of  the  arts,  the  spread  of  commerce — all  have  been  greater 
in  America  because  he  has  lived. 

After  this  general  introduction  I  shall  as  far  as  possil)le  limit 
my  remarks  to  the  specific  topic  assigned  me,  namely,  Bache's 
connection  with  the  American  Philosophical  Society,  in  order  to 
avoid  covering  the  ground  assigned  to  other  speakers. 

The  American  Philosophical  Society  is  proud  to  take  a  leading 
part  in  this  commemoration  of  one  of  America's  great  scientists 
and  one  of  its  most  distinguished  members.  He  was  elected  to 
membership  on  April  17,  1829,  when  he  was  not  yet  twenty-three 
years  old.  He  attended  the  next  meeting  on  May  1,  and  began 
at  once  to  take  an  active  part  in  the  meetings  and  committees. 
For  twenty-five  years  he  was  an  officer  of  the  Society,  being 

*  A  collection  of  Bache's  instruments,  models,  manuscripts,  and  books  furnished  by 
the  American  Pliilosophical  St)ciety,  the  I'nitcd  States  Coast  and  Geodetic  Survey  and 
the  Department  of  'rcrrestrial  Ma{?netism  of  the  Carne^jie  Institution  of  Washington  was 
exhibited  in  the  Hall  of  the  American  Philosophical  Society  in  connection  with  this 
meeting. 
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Secretary  from  1832  to  1844,  Vice-president,  1845-1854  and 
President,  1855-1857. 

He  belongcfl  to  this  Society  l)y  inlieritance  as  well  as  by  election, 
for  Benjamin  Franklin  was  his  paternal  great  grandfather;  Ricliard 
Bache,  Postmaster  General  of  the  Colonies  (1776-82)  and  Frank- 
lin's son-in-law,  was  his  grandfather.  An  uncle,  William  Bache, 
M.D.,  was  a  member,  and  a  cousin,  Franklin  Bache,  M.D., 
Professor  of  Chemistry  in  Jefferson  Medical  College,  was  a  member, 
Vice-president  and  President  of  the  Society  only  a  few  years 
before  Alexander  Dallas  Bache  occupied  these  offices  and  the  two 
were  always  distinguished  by  referring  to  the  former  as  "Dr." 
and  the  latter  as  "Prof."  Bache.  On  his  mother's  side  both  his 
grandfather,  Alexander  James  Dallas,  Secretary  of  the  Treasury 
in  Madison's  administration,  and  his  mother's  brother,  George 
M.  Dallas,  Vice-president  of  the  United  States  and  Minister  to 
Great  Britain,  were  long  time  members  of  this  Society. 

From  the  date  of  liis  election  to  this  Society  in  1829  until 
his  departure  for  Europe  in  1836  there  were  few  meetin}2;s  of  the 
Society  when  his  name  does  not  occur  in  the  Minutes  as  taking 
some  active  part  in  the  meeting,  and  after  his  return  from  T^urope 
in  1838  until  his  departure  for  Washington  in  1843  he  presented 
papers,  verbal  communications,  letters  from  foreign  correspondents 
and  observatories,  proposals  from  the  Royal  Society  of  London 
and  the  British  Association  for  the  Advancement  of  Science  in 
relation  to  Magnetic  Observatories  in  the  United  States,  at  many 
meetings.  Some  of  the  most  interesting  records  in  the  Minutes 
on  these  subjects  are  the  following: 

September  20,  1839.  Professor  Bache  made  a  verbal  communication 
of  the  measures  taken  by  the  British  government,  on  the  recommenda- 
tion of  the  British  Association,  and  under  the  advice  of  the  Royal  Society, 
for  obtaining  a  scries  of  magnetic  observations  in  different  quarters  of 
the  globe,  in  conjunction  with  a  naval  expedition  in  the  southern  hemi- 
sphere, under  the  eommand  of  Capt.  James  Clark  Koss,  and  read  ex- 
tracts from  letters  of  Professor  Lloyd  and  Major  Sabine,  relating  to  the 
preparation  for  the  undertaking. 

Professor  Bache  further  stated,  that  on  submitting  the  circular 
addressed  to  him  by  the  Foreign  Secretary  of  the  Royal  Society,  with 
extracts  from  the  letters  before  referred  to,  and  other  information  as  to 
the  nature  and  importance  of  the  results  to  be  obtained  by  this  combined 
system  of  magnetic  obser\'atioiis,  to  the  Building  Committee  of  the 
Girard  Collie,  through  their  Arrliitect,  they  had,  with  creditable  liber- 
ality, given  orders  for  the  erection  of  an  observatory  suited  to  the  obser- 
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vations  contemplated,  and  to  the  instruments  already  in  the  possession 
of  the  Trustees  of  the  College. 

Professor  Bache  submitted  the  plans  of  the  observatory,  drawn  by 
Thos.  U.  Walter,  Esq.  Architect.    (Amer.  Phtlos.  Soc.  Proc,  I:  117-118.) 

November  15,  1839.  The  following  resolutions  in  relation  to  com- 
bined magnetic  observations  were  adopted: 

Resolved,  That  in  the  opinion  of  the  American  Philosophical  Society, 
it  is  highly  desirable  that  the  combined  series  of  magnetic  observations 
now  in  progress  under  the  direction  of  the  British  government,  should 
be  extended  to  the  United  States,  by  the  establishment  of  Magnetic 
Observatories  at  suitable  places. 

Hemlved,  That  a  Committee^  l)e  appointed,  with  authority,  on  behalf 
of  the  Society,  to  invite  the  attention  of  one  of  the  departments  of  the 
Government  of  the  United  States  to  the  plan  for  combined  magnetic 
observations,  a  sketch  of  which  was  presented  in  the  documents  from 
a  Committee  of  the  Royal  Society  of  London,  and  to  urge  cooperation 
in  the  plan  as  a  national  undertaking,  in  every  way  worthy  of  the  United 
States. 

The  Committee  under  the  above  resolution,  consists  of  Professor 
Bache,  Doctor  Patt(M-son,  Professor  Henry,  Mr.  Kane,  and  Colonel 
Totten.    {Amer.  Philos.  Soc.  Proc,  I:  148.) 

December  0,  1839 

Professor  liaclu^  also  presented,  on  behalf  of  the  Committee  on 
Magnetic  Observations,  appointed  at  the  last  meeting  of  the  Society, 
a  Memorial,  addressed  to  the  Secretary  of  War  of  the  United  States, 
inviting  the  establishment  of  Magnetic  Observatories,  and  cooperation 
in  the  system  of  magnetic  and  meteorological  observations  now  in 
progress  under  the  direction  of  the  British  government.  (Amer.  Philoa. 
Soc.  Proc.,  I:  151.) 

January  17,  1840 

Professor  Bache  read  extracts  from  a  letter  from  Major  Sabine,  of 
England,  describing  the  progress  of  measures  for  contemporaneous 
magnetic  and  meteorological  observations  for  the  next  three  years, 
ui^ng  a  concert  of  observations  in  the  United  States,  and  stating  that 
a  magnetic  survey  of  the  British  dominions  north  of  the  United  States 
would  be  made,  and  suggesting  a  similar  survey  of  the  United  States. 
Professor  Bache  remarked,  that  stejis  had  been  taken  some  months 
since,  by  several  gentlemen  who  have  heretofore  been  engaged  in  mag- 
netic researches,  to  procure  such  a  survey,  the  result  of  which,  however, 
was  yet  uncertain.    {Amer.  Philos.  Soc.  Proc,  I:  169.) 

March  20,  1840 

The  Committee,  consisting  of  Professor  Henry,  Dr.  Patterson,  and 
Mr.  Walker,  to  whom  was  referred  a  paper  entitled,  "Observations  of 
the  Magnetic  Intensity  at  twenty-one  Stations  in  Europe.   By  A.  D. 
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Bache,  LL.D.  President  of  the  Girard  Collej^e  for  Orplian.s,  &e.,"  re- 
ported in  favour  of  the  pubheation  of  the  paper  in  the  Society's  Trans- 
Acnoxs.  The  Report  was  adopted,  and  the  pubUcation  ordered 
accordingly. 

The  stations  at  which  the  observations,  recorded  in  this  memoir, 
were  made,  were  twenty -one  in  number:  three  in  Great  Britain,  and  the 
others  in  the  continent  of  Europe.  They  inchide  Edinburgli,  Dublin, 
London,  Brussels,  Berlin,  Paris,  Vienna,  the  Fh'giere,  l^rientz,  the 
Faulhorn,  Geneva,  Chamberi,  Chamouni,  Lyons,  Milan,  Venice,  Trieste, 
Florence,  Turin,  Rome  and  Naples.  .  .  .  [There  follows  a  summary  of 
these  observations  and  a  table  giving  the  horizontal  intensity  and  dip 
for  each  station.]    {Amer.  Philos.  Soc.  Proc,  I:  185.) 

July  3,  1840 

Professor  Bache,  from  the  Committee  on  magnetic  observations, 
read  an  extract  from  a  letter  of  Major  Sabine,  V.  P.  of  the  Royal  Society 
of  London,  stating  that  the  Council  of  the  Society  had,  on  the  recom- 
mendation of  the  Committee  of  Physics,  expressed  their  opinion  of  the 
importance  to  the  plan  of  combined  magnetie  observations  now  in 
progress,  that  observatories  should  be  established  in  the  United  States, 
and  had  instructed  their  Presidont  to  bring  this  expression  of  opinion 
to  the  knowledge  of  the  government  of  this  country. 

Professor  Bache  stated  that  the  resolution  just  referred  to  had  been 
adopted  with  a  view  to  aid  the  efforts  of  this  Society  in  procuring  the 
erection  of  observatories,  as  recommended  in  their  Memorial  to  the 
Secretary  of  War,  which  had  been  referred,  by  that  officer,  to  Congress. 

He  also  read  an  extract  from  a  subsequent  letter  from  Major  Sabine, 
in  reference  to  the  progress  of  the  combincMl  magnetic  observations, 
stating  that  the  ICmperor  of  Russia  had  ordered  the  erection  of  nine 
magnetic  and  meteorological  observatories  in  his  dominions,  to  conform, 
in  respect  to  instruments  and  times  of  obscM'vatioiis  to  the  system  recom- 
mended l)v  the  Royal  Society.  One  of  these  observatories  is  to  be 
upon  the  N.  W.  coast  of  America  [Alaska]. 

Professor  Bache  stated  that  the  regular  system  of  bi-hourly  magnetic 
and  meteorological  observations  was  now  established  in  the  observatory 
at  the  Girard  College,  and  had  been  in  progress  since  the  close  of  the 
month  of  May.  He  intended,  at  a  future  day,  to  j^resent  to  the  Society 
the  names  of  the  gentlemen,  chiefly  members  of  the  Ameriran  Philo- 
sophieal  Soeiety,  l)y  whose  contributions  a  fund  had  been  raised  to 
defray  the  expense  of  employing  the  assistants  retjuired  for  these  obser- 
vations. .  .  ,  {Amer.  Philos.  Soc.  Proc,  I:  242.)  [See  Minute  of  May 
21, 1841.] 

November  6,  1840 

Professor  Bache  read  an  extract  of  a  letter  from  Lieut.  Riddell, 
Director  of  the  Magnetic  Observatory  at  Toronto,  U[pper]  C[anada], 
which  stated  that  an  entire  discordance  had  been  found  between  the 
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curve  representing  th(!  clianges  of  inclination,  on  the  February  magnetic 
term  day,  at  Toronto,  Dublin,  Brussels,  and  Prague,  whilst  those  at  the 
last  three  named  stations  agreed  very  well  together.  This  result, 
Professor  B[ache]  stated,  confirms  the  conclusions  previously  drawn 
from  the  observations  at  short  intervals,  of  Prof.  Lloyd  and  himself, 
in  November  last. 

Mr.  Walker  made  some  observations  in  relation  to  the  Observatory 
of  the  Harvard  University,  Cambridge,  and  stated  that  extensive  ar- 
rangements had  been  made,  and  were  in  contemplation,  for  prosecuting 
magnetic  observations  and  practical  astronomy. 

Professor  Bache  made  a  verbal  communication  of  some  recent 
determinations  of  the  magnetic  dip,  made  by  him  at  Philadelphia  and 
Baltimore.    {Amer.  Philos.  Soc.  Proc.j  I:  293-294.) 

December  4,  1840 

Professor  Bache  brought  before  the  Society  an  instrument  for 
measuring  the  changes  in  the  vertical  components  of  the  force  of  ter- 
restrial magnetism,  which  he  described  as  combining  the  principles  of 
the  vortical  force  instrument  of  Prof.  Lloyd,  with  that  of  reflection 
adopted  in  the  magnetometers  of  Prof.  Gauss,  and  which  had  been  made 
for  him  by  Mr.  Saxton. 

Professor  Bache  called  the  attention  of  the  Society  to  a  diagram 
representing  the  changes  of  magnetic  declination,  as  recorded  at  the 
Magnetic  Observatory  of  Mr.  Bond,  at  Cambridge,  and  at  the  Girard 
College,  on  the  magnetic  term  day  of  May,  1840,  and  showing  that  the 
changes  attending  the  aurora  are  not  peculiar  to  one  locality,  but  that, 
as  observed  at  different  places,  they  are  parts  of  a  great  magnetic 
disturbance. 

Profes.sor  Haclu>  read  a  i(>tter  from  Major  Sabine,  giving  the  progress 
of  the  magnetic  observations  now  malting,  and  referring  to  the  modes 
deemed  advisable  for  the  publication  of  the  records  of  observatories. 
He  referred  also  to  the  anomalous  nature  of  the  curves  for  the  May 
term  day  at  Toronto  and  at  Greenwich,  and  to  an  instrument  for  ob- 
serving vertical  force  by  reflection,  in  the  putting  up  of  which  Professor 
Airy  was  engaged.    {Amer.  Philos.  Soc.  Proc,  I:  310-313.) 

December  18,  1840 

Professor  Bache  laid  before  the  Society  a  Report  from  Mr.  [J.  Q.J 
Adams  to  the  House  of  Representatives,  on  a  Letter  from  tlie  Secretary 
of  War,  of  the  .31st  Dec.  1839;  and  a  Memorial  from  a  (^)nimittee  of  the 
American  Philosophical  Society,  asking  the  aid  of  the  government  to 
carry  on  a  series  of  magnetic  and  meteorological  observations,  and 
ending  with  a  resolution: 

"That  the  sum  of  twenty  thousand  dollars  ought  to  be  appropriated 
for  the  establishment  of  five  several  stations,  at  suitable  distances  from 
each  other,  for  making  observations  of  terrestrial  magnetism  and  mete- 
orology, conformably  to  the  invitation  from  the  Royal  Society  of  Great 
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Britain  to  the  American  Philosophical  Society  at  Philadelphia,  and  to 
otiier  learned  societies  in  the  United  States;  that  the  said  sum  should  be 
placed  under  the  direction,  and  at  the  disposal,  of  the  Secretary  of  War, 
for  the  fulfilment  of  these  purposes;  he  to  account  for  the  expenditures, 
thus  authorized,  to  the  Treasury  of  the  United  States." 

Professor  Bache  then  offered  the  following  resolution,  which  was 
adopt?d : 

Resolved,  That  the  Committee  by  vvliom  a  memorial  was  addressed 
to  the  Secretary  of  War,  in  reference  to  the  establishment  of  magnetic 
observations,  be  instructed  again  to  call  his  attention  to  the  system  of 
combined  observations  on  terrestrial  magnetism  and  meteorology  now 
in  progress.    {Amer.  Philoa.  Soc.  Proc.,  I:  320.) 

January  15,  1841 

Professor  Bache  read  an  extract  from  a  letter  of  Major  Sabine, 
stating  that  the  changes  of  magnetic  declination,  and  of  horizontal 
force,  would  be  obser\'ed  on  the  term  days,  with  transportable  magne- 
tometers furnished  by  the  British  Association,  by  Mr.  Srhomberg,  at 
Demarara,  in  Guiana;  this  being  the  first  magnetic  station  yet  established 
in  South  America. 

Professor  Bache  also  stated,  that  he  liad  received  from  Mr.  Bond, 
abstracts  of  the  term  day  observations  of  changes  of  magnetic  declina- 
tion at  Cambridge,  Mass.,  for  the  months  of  June,  July,  August  and 
September;  also,  that  he  had  received  from  Lieut.  Gilliss,  of  the  U.  S. 
Navy,  obsers^ations  of  declination  made  at  Washington,  from  the  5th 
to  the  9th  of  January-,  inclusive,  from  9  to  10  a.m.  of  Gottingen  time  at 
short  intervals,  for  comparison  \\ith  similar  observ  ations  at  Philadelphia 
and  T(,ronto.  These  obscrvatic  ns  he  proposes,  when  compared  with 
those  at  the  Philadelphia  Magnetic  Observatory,  to  communicate  to 
the  Society.    (Annr.  Fhilos.  Soc.  Prcc,  II:  6.) 

February  5,  1841 

Professor  Bache  presented  to  the  notice  of  the  Society  observations 
of  magnetic  declination  received  from  Mr.  Bond,  which  had  been  made 
by  that  gentleman  during  six  days,  commencing  on  the  4th  of  January, 
in  concert  with  the  Magnetic  Observatories  at  Philadelphia,  Washington 
and  Toronto.    {Amer.  Philoa.  Soc.  Proc,  II:  15-16.) 

May  21,  1841 

Professor  Bache  communicated  to  the  Society  a  statement  of  the 
Observations  made  for  the  year  past  at  the  Magnetic  Observatory  at 

the  Girard  College,  and  exhibited  the  original  records,  the  abstracts 
made  from  them,  the  calculated  results,  and  the  curves  by  which  they 
are  represented.  He  reminded  the  members  that  in  consequence  of 
the  depressed  state  of  the  Society's  funds  in  May  last,  it  had  been  judged 
inexpedient  to  ask  for  the  appropriation  of  any  part  of  them  to  the 
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object  of  these  observations;  and  he  mentioned  the  names  of  ten  members 
of  the  Society,  and  of  three  gentlemen,  not  members,  Messrs.  Richard 

Price  and  J.  D.  Brown,  of  Philadelphia,  and  Professor  M'Lean,  of 
Princeton,  by  whose  UberaUty  the  Observatory  had  been  supported 
during  the  year. 

After  some  remarks  from  Mr.  Walker,  describing  the  results  which 
have  been  arrived  at  by  the  labours  of  Gauss,  Weber  and  others,  in 
magnetism,  and  referring  to  the  practical  value  to  navigation  of  the 
magnetic  investigations  now  making,  Dr.  Chapman  pressed  upon  the 
Society  the  importance  of  continuing  the  magnetic  and  meteorological 
observations  in  the  combined  series  which  is  now  in  the  course  of  execu- 
tion: .  .  .  and  on  his  motion,  a  committee  was  appointed  to  devise 
means  for  continuing  the  observations  at  tlie  Girard  College  Observatory 
during  the  remaining  two  years  of  the  series.  {Amer.  Philos.  Soc. 
Proc,  II:  09.) 

June  25,  1841 

[Special  meeting  for  consideration  of  report  of  Committee  to  devise 
means  for  completing  magnetic  and  meteorological  observations.] 

In  this  report  the  Committee  review  the  history  of  the  concerted 
observations  first  [)roposed  by  the  Royal  Society  of  London  in  1839, 
and  refer  to  the  action  of  this  Society  in  consequence  of  the  circular 
from  that  learned  Ijody.  They  express  the  strongest  confidence  in  the 
skill,  assiduity,  and  success,  with  which  the  operations  of  the  magnetic 
observatory  at  Girard  College  have  been  thus  far  conducted,  and  a 
belief  that  their  prosecution  is  called  for  by  the  honour  of  the  Society. 
They  pledge  themselves,  that  as  the  funds  required  for  the  past  year's 
expenditure  have  been  furnished  by  individual  contributions  of  the 
members  and  their  friends,  so  those  for  the  third  year  shall  be  supplied 
in  like  manner,  if  the  Society  will  defray  the  charges  of  the  intervening 
period  from  its  corporate  funds. 

After  a  full  discussion  of  the  subject,  resolutions  were  adopted  by 
the  Society — 

1.  Directing  the  Committee  on  the  Observatory  to  ask  permission 
from  the  City  Councils  of  Philadelphia  to  constitute,  from  certain 
moneys  heretofore  paid  by  the  city,  a  fund  for  the  promotion  of  astro- 
nomical and  magnetic  researches,  and  the  pubUcation  of  the  results 

thereof. 

2.  Authorizing  the  C'ommittee  to  refund,  if  required,  certain  con- 
tributions mad(!  l)y  individuals  to  the  Astronomical  Fund;  and 

3.  Directing  the  trustees  of  that  fund  to  supply  the  means  of  com- 
pleting the  magnetic  and  meteorological  observations  on  certain  terms 
and  conditions.    {Amer.  Philos.  Soc.  Proc.,  II:  77-78.) 

January  21,  1842 

Professor  A.  D.  Bache  communicated,  on  behalf  of  Mr.  Nicollet, 

of  Washington,  an  abstract  of  observations  on  the  magnetic  dip,  made 
at  Baltimore,  Washington,  Philadelphia,  Albany,  Oswego,  Niagara  Falls, 
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Detroit,  Mackinaw  Island,  Chicago,  Joliet,  Ottawa,  Peru,  Illinoistown 
and  St.  Louis.    He  also  read  a  letter  from  Major  Sabine,  communicating 

the  progress  of  the  general  series  of  magnetic  observations;  and  one 
from  Prof.  Loomis,  of  Western  Reserve  College,  stating  that,  last  autumn, 
he  had  made  observations  of  the  magnetie  dip  at  nearly  forty  different 
stations,  in  the  north-west  part  of  the  United  States,  the  results  of  which 
he  intended  hereafter  to  eommunieate  to  the  Society.  (Amer.  Philos. 
Soc.  Proc.y  II:  144.)  [Sec  LooniLs,  Amer.  Philos.  Soc.  Trans.,  VII:  1-G, 
101-111;  VIII:  61-72,  285-304;  IX:  181-186]. 

March  4,  1842 

Professor  A.  D.  Bache  exhibited  the  curves  representing  the  results 
of  the  bi-hourly  magnetic  observations,  made  during  the  years  1840 
and  1841  at  the  Girard  College  Observatory,  showing  the  daily  changes 
of  magnetic  declination,  and  horizontal  and  vertical  intensity.  He 

stated  that  from  these  curves  the  approximate  times  of  maximum  and 
minimum  could  be  inferred;  but  that,  in  order  to  render  the  determina- 
tion of  the  periods  of  their  occurrence  more  accurate,  additional  ob- 
servations at  every  six  minutes  were  now  made  (since  January  1)  within 
the  limits  shown  by  the  curves,  presented  this  evening,  to  be  those  of 
the  occurrence  of  maxima  and  minima.  (Amer.  Philos.  Soc.  Proc.y 
II:  150-151.) 

October  7,  1842 

Professor  Bache  drew  the  attention  of  the  Society  to  the  necessity 
of  providing  means  for  continuing  the  observations  now  making  under 
the  direction  of  the  Societj'^  at  the  Magnetic  Observatory,  or  of  closing 
the  Observatory:  whereupon,  on  motion  of  Dr.  Patterson,  a  special 
Committee  was  appointed,  to  report  in  regard  to  providing  means  for 
the  continuation  of  the  observations.  Committee,  Dr.  Chapman,  Dr. 
Patterson,  Dr.  Wood,  Mr.  Fraley,  and  Mr.  Kane.  {Amer.  Philos.  Soc. 
Ptoc.,  11:222.) 

November  18,  1842 

Professor  Bache  stated  that  his  attention  had  recently  been  particu- 
larly called,  by  a  letter  from  M.  Quetelet,  Secretary  of  the  Academy  of 
Sciences  of  Brussels,  to  the  general  instructions  for  simultaneous  ob- 
servations of  natural  phenomena,  issued  by  the  Academy.  Co-operation 
in  the  system  of  observations  by  observers  in  the  United  States  being 
ven>'  desirable,  Prof.  Bache  asked  h^ave  to  offer  the  following  resolution: 

^'Resolved,  That  a  Committee  of  five  members  be  api)oint(Hl,  to 
report  to  the  Society  what  measurers  may  be  taken,  most  effectually  to 
secure  co-operation,  by  observers  in  the  United  States,  in  the  system 
of  observations  of  periodical  natural  phenomena,  forming  the  subject 
of  the  instructions  of  the  Brussels  Academy  of  Sciences."  {Amer. 
Philos.  Soc.  Proc.,  II:  235.) 

This  resolution  was  adopted,  and  the  following  Committee  apf>ointed: 
Prof.  Bache,  Dr.  Patterson,  Mr.  Frazer,  Dr.  Griscom  and  Mr.  Lea. 
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January  6,  1843 

Professor  Bache  communicated  to  the  Society,  that  in  consequence 
of  the  want  of  funds  for  the  support  of  the  Magnetic  Observatory,  the 

bi-hourl}'  observations,  and  those  for  maxima  and  minima,  had  ceased 
with  the  first  of  the  present  year.^  He  further  stated,  that  it  was  his 
intention  to  keep  np  tlie  term-day  observations,  and  also  to  have  an 
observation  of  the  nuif^nctie  instruments  made  eaeh  day,  to  connect  the 
indications  of  the  magnetometers  fiom  one  term-day  to  anotlier.  Cer- 
tain of  the  meteorological  observations  were  also  to  be  continued.  (.4  mer. 
Philoa.  Soc.  Proc.,  II:  247.) 

April  7,  1843 

Professor  Bache  communicated  an  extract  of  a  letter  from  M.  Quete- 
let  of  Brussels,  stating  that  hourly  meteorological  observations  were 
made  at  some  fifty  stations  in  Europe  at  the  periods  of  the  equinoxes 
and  solstices,  the  observers  corresponding  with  the  Academy  of  Sciences 
of  Brussels.  M.  Quetelet  expresses  the  wish  that  the  American  Philo- 
sophical Society  should  become  the  centre  of  a  similar  union  for  the  new 
world,  and  urges  that  the  attention  of  men  of  science  should  be  called 
to  the  subject;  he  also  enforces  the  necessity  for  conformity  to  the  plan 
laid  down  in  the  circular  of  the  Academy.  {Amer.  PhUos.  Soc.  Proc.f 
II:  266-267.) 

Professor  Bache  informed  the  Society  that  he  had  received  a  letter 
from  the  Hon.  James  M.  Porter,  Secretary  of  War,  through  the  bureau 
of  Topographical  Engineers,  making  an  allowance  for  the  continuance 
of  the  observations  at  the  magnetic  observatory.  In  consequence  of 
this  liberal  and  well-timed  supply  of  means,  he  said,  the  series  of  obser- 
vations was  resumed  on  the  first  of  the  present  month. 

The  Society  thereupon  unanimously  adopted  a  resolution,  tendering 
its  thanks  to  the  Hon.  James  M.  Porter,  Secretary  of  War,  for  his  judicious 
appropriation  of  means  for  the  continued  prosecution  of  the  magnetic 
observations  heretofore  conducted  under  the  auspices  of  the  Society:  and 

The  Committee  of  the  Magnetic  Observatory  was  instructed  to 
communicate  the  resolution  to  the  Hon.  Secretary.  {Amer.  Philos. 
Soc.  Proc,  II;  268.) 

May  27,  1843 

Professor  liaclK^  jiresented  the  results  of  two  years'  observations  of 
the  magnetic  elements,  and  of  the  temperature,  pressure,  and  moisture 
of  the  atmosphere,  at  the  Magnetic  Observatory  at  the  Girard  College. 

The  Observatory  was  opened  in  May,  1840,  and  the  results  are  for 
two  years  from  that  time.  Professor  Bache,  after  alluding  generally  to 
the  different  results  obtained  from  the  m^netic  observations,  called 
particular  attention  to  the  averages  of  the  hourly  changes.  The  ob- 
served elements  were  the  declination,  and  the  horizontal  and  vertical 
forces.   The  changes  of  each  of  these  were  represented  by  curves  in 

'  Subsequently  resumed. — Reporter. 
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the  usual  way,  the  differences  of  the  abscissae  representing  the  times 
elapsed,  and  the  differences  of  the  ordinates  the  change  of  element; 
increasing  ordinates  corresponding  to  increase  of  declination  or  of  force. 
The  curves,  even  with  the  limiteci  number  of  observations  upon  which 
they  are  founded,  are  remarkable  for  their  regularity. 

The  declination  shows  distinctly  two  maxima  and  two  minima  during 
thf  twenty-four  hours.  The  chief  maximum  is  about  1  p.m.,  and  the 
subordinate  maximum  about  1  a.m.;  the  latter,  thougli  marked,  does  not 
reach  the  mean  line  of  the  twenty-four  hours.  The  minima  are  at  about 
8  A.M.  and  9  p.m.  .  .  . 

Professor  Bache  gave  reasons  why  he  considered  the  phenomena 
thus  presented  to  be  inconsistent  with  the  idea,  that  they  are  produced 
by  the  heating  effects  of  the  sun,  acting  either  directly  or  indirectly.  .  .  . 
Professor  Bache  observed,  in  conclusion,  that  as  the  Observatory  had 
been  re-opened  by  aid  obtained  from  the  Secretary  of  War,  similar 
obser\'ations  w^ould  by  degre(>s  be  acoumulatcd,  and  l)v  an  increa.sed 
number  of  results  render  the  means  more  trustworthy  than  those  now 
presented. 

At  the  close  of  his  remarks.  Professor  B[ache]  invited  the  members 
and  correspondents  of  the  Society  and  the  gentlemen  attending  its 
meetings,  to  inspect  the  Observatory  at  the  Girard  College  after  the 
adjournment  in  the  afternoon.    (Amer.  Philoa.  Soc.  Proc.f  III:  90-92.) 

May  2,  1845 

Professor  A.  D.  Bache  called  attention  to  the  report  made  by  him 
in  February  last,  to  the  Treasury  Department,  on  the  progress  of  the 
construction  of  standard  weights  and  measures,  and  of  balances.  A 
copy  of  this  report  had  been  presented  to  the  Society  at  a  previous 
meeting. 

The  work  of  constructing  standards  had  been  commenced  by  the 
late  Mr.  F.  R.  Hassler  in  1835;  and  at  the  time  of  his  decease  the  standard 
weights  for  the  Custom  Houses  of  the  United  States  and  for  the  States 
had  been  made,  and  generally  delivered.  One-third  of  the  capacity 
measures  had  been  completed,  and  the  rest  were  in  different  stages  of 
progress.  About  one-fourth  of  th(?  m(>asures  of  length  had  been  finished, 
and  the  rest  were  in  jjrogress.  Many  other  standards  for  miscellaneous 
purposes  had  been  made  and  delivered.  The  balances  used  in  the 
office  of  weights  and  measures  to  adjust  standards  has  been  made;  two 
other  balances  had  been  finished,  and  thirty,  intended  for  distribution 
to  the  States,  had  been  commenced.  .  .  . 

Much  progress  having  been  made  in  the  preparation  and  distribu- 
tion of  standard  measures  when  Professor  Bache  came  into  the  charge 
of  the  work,  he  had  deemed  it  necessary  to  adhere  to  the  methods  of 
Mr.  liassler,  and  to  use  the  tables  founded  upon  his  experiments,  for 
reductions;  otherwise  the  uniformity  of  the  system  would  have  been 
destroyed.  .  .  .  {Amer.  Philoa.  Soc.  Proc,  IV:  159-160.) 
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Throughout  his  whole  life  Bache  showed  an  amazing  activity 
in  teaching,  experimenting,  writing,  administration.  Here  in  * 
Philadelphia  his  time  was  divided  among  the  University  of  Penn- 
sylvania, the  American  Philosophical  Society,  the  Franklin  In- 
stitute, Girard  College,  the  Observatory  and  the  High  School. 
Everything  he  did  was  excellently  done.  He  was  an  inspiring 
and  original  teacher,  a  careful  and  exact  observer  and  experimenter, 
a  clear  and  direct  writer  and  a  farseeing  and  genial  administrator. 
How  he  ever  found  time  to  do  all  of  this  important  work  in  a 
"horse  and  buggy  era"  is  a  constant  surprise  to  us  of  the  flying  age. 

There  are  one  hundred  and  forty-seven  publications  listed  in 
his  bibliography;  twenty-three  of  these  appeared  in  the  Journal 
of  the  Franklin  Institute  between  1829  and  1836;  twenty-one 
appeared  in  the  Transactions  and  Proceedings  of  the  American 
Philosophical  Society  after  1836;  nine  in  tlie  American  Journal  of 
Science;  thirty-six  in  the  Proceedings  of  the  American  Association 
for  the  Advancement  of  Science;  eight  in  the  Smithsonian  Con- 
tributions to  Knowledge;  thirty-one  in  the  Reports  of  the  United 
States  Coast  Survey.  Others  will  speak  of  his  scientific  work  in 
connection  with  his  various  official  positions  and  I  shall  not  under- 
take to  report  upon  even  that  portion  which  was  published  by 
this  Society,  but  I  may  properly  refer  to  the  fine  quality  of  the 
first  monograph  which  he  read  before  the  Society  when  he  was 
only  twenty-six  years  old  and  which  was  published  in  our  Trans- 
actions, V:  1-21.  It  shows  a  breadth  of  view,  a  maturity  of 
judgment  and  a  becoming  modesty  such  as  are  not  always  mani- 
fested by  brilliant  youth.  In  this  same  volume  of  the  Trans- 
actions he  published  three  other  articles  on  magnetism  and 
meteorology. 

The  extracts  from  the  Minutes  of  the  American  Philosophical 
Society,  which  have  been  given,  indicate  briefly  the  part  which 
this  Society  took  in  the  support  of  his  Magnetic  Observatory  and 
in  the  international  work  in  geomagnetism.  The  results  of  that 
work  were  reported  by  Professor  Bache  in  many  minor  papers 
in  the  Proceedings  and  in  a  few  major  communications  in  the 
Transactions  (see  especially  Vol.  VII:  75-100),  most  of  which 
appeared  before  he  removed  to  Washington  to  become  Super- 
intendent of  the  United  States  Coast  Survey. 

In  his  address  before  the  American  Association  for  the  Advance- 
ment of  Science  (1868)  in  Commemoration  of  Bache,  Benjamin  A. 
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Gould  speaks  of  the  numerous  expeiiiiients  which  he  had  made 
at  his  own  home  in  Philadelphia,  (which  in  our  Transactions,  I 
find  was  at  "Chestnut  Street  near  Schulkill  Sixth  Street",  at 
present  17th  Street).  xVmonp;  these  were  a  series  of  experiments 
witli  Fourier's  thermoscope  of  contact.  But  finding  these  results 
unsatisfactory,  he  had  invented  a  new  thermoscope  of  contact 
better  adapted  to  the  purpose.  He  carried  his  investigations  on 
heat  to  a  considerable  extent,  l)ut  never  completed  them.  (Jould 
relates  the  following  incident  to  make  known  the  reason  of  their 
discontinuance: 

One  room  on  the  sunny  side  of  his  house  was  appropriated  to  these 
experiments;  the  various  thermoscopes  and  all  the  subsidiary  apparatus 
were  arranged  there,  and  the  apartment  was  held  sacred  to  scientific 

investigation.  One  evening,  while  he  was  attending  a  session  of  the 
Philosophical  Society,  an  alarm  (^f  fire  broke  out  in  the  neighborhood. 
His  mother,  then  a  member  of  his  family,  heard  the  alarm,  and  hastily 
entered  the  room  without  a  lamp,  to  look  from  the  front  window.  A 
crash  reminded  her,  too  late,  of  the  inconsiderateness  of  her  movements. 
The  apparatus  was  entirely  destroyed,  and  the  first  words  which  greeted 
her  son  on  his  return  told  him  what  he  had  lost.  He  made  no  reply, 
but  went  to  the  room  and  silently  surveyed  it.  The  destruction  was 
complete,  and  the  hard  labors  of  nearly  a  year  were  rendered  fruitless. 
An  eyewitness  has  described  it  to  me.  He  stood  white  with  emotion 
for  a  few  moments;  then,  turning  away,  only  trusted  himself  to  say 
that  he  would  return  soon,  and  hurried  out  of  the  house.  Half  an  hour 
in  open  air  restored  him  to  himself;  returning,  he  consoled  his  mother, 
and  made  light  of  the  f)ccurrence;  nor  did  he  ever  afterwards  explain 
the  reason  why  his  observations  on  heat  were  discontinued. 

In  1807,  President  Jefferson  had  reconmiended  to  Congress 
the  establishment  of  a  Coast  Survey,  and  it  is  permissible  to  think 
that  he  had  been  urged  to  this  action  by  his  fellow  member  in 
the  American  Philosophical  Society,  Ferdinand  R.  Hassler,  Swiss 
Engineer,  who  had  recently  arrived  in  this  country.  The  Ameri- 
can Philosophical  Society  had  approved  Hassler's  plans,  but  no 
action  was  taken  by  Congress  until  1817  when  the  Coast  Survey 
was  established  and  Hassler  appointed  Superintendent. 

On  March  3,  1820,  Hassler  communicated  to  the  Society  a 
large  monograph  entitled  ''Papers  on  Various  Subjects  Connected 
with  the  Survey  of  the  C^oast  of  the  United  States"  (Trans.,  II: 
232-418).  He  began  with  a  letter  from  Albert  (Jallatin,  Secretary 
of  the  Treasury  and  for  sixty  years  a  member  of  this  Society, 
dated  "Treasury  Department,  25th  March,  1807,"  and  saying. 
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"The  President  of  the  United  States  being  authorized  by  an  Act 
of  the  last  Session  to  cause  the  whole  of  the  coast  of  the  said  States, 
together  with  the  adjacent  shoals  and  soundings  to  be  surveyed — 
has  directed  me  to  apply  to  you,  requesting  that  you  would  have 
the  goodness  to  suggest  the  outlines  of  such  a  plan,"  etc. — 

To  this  letter  Hassler  replied  in  a  letter  in  French,  dated 
'Thiladclphia,  2  Avril,  1807"  which  occupies  pages  234-240  of 
Trans.,  Vol.  II.    This  was  followed  (nine  years  later,  Jan.  5, 
1816)  by  Hassler's  "Plan  for  putting  into  operation  the  Survey 
of  the  Coast  of  the  United  States"  and  a  "Catalogue  of  the  In- 
struments and  Books  collected  for  the  Survey  ef  the  Coast,"  a 
"Comparison  of  the  French  and  English  Standard  Measures"  etc., 
"Description  of  the  Apparatus  for  measuring  Base  Lines,"  "De- 
scription of  the  Two-foot  TheodoUte,"  and  a  long  account  of  the 
use  of  that  instrument,  telescope,  clocks,  etc.,  "Plan  of  an  Ob- 
servatory proposed  to  be  built  in  Washington",  "Mechanical 
Organization  of  a  Large  Survey"  and  nine  pages  of  "Examplars 
of  the  Day  Book  and  Journal  of  Results"  with  eight  full-page 
copper-plate  engravings  by   Caroline  Hassler  of  instruments 
described  in  tlie  article — a  total  of  nearly  two  hundred  pages. 
At  the  end  of  this  long  and  painfully  detailed  article  the  following 
note  was  added  by  the  Editors  of  the  Transactions,  p.  419: 

This  Paper  was  followed  by  a  Journal  of  the  "Principal  Dates  con- 
nected with  the  Survey  of  the  Coast,"  but  as  this  Journal  was  not  con- 
sidci  ed  of  general  interest,  and  as  the  paper  was  already  of  great  length, 
it  has  been  thought  proper  to  omit  it. 

All  this  indicates  how  great  was  the  interest  of  this  Society 
in  the  estabUshment  of  the  Coast  Survey. 

In  his  eulogy  of  Alexander  Dallas  Bache,  Joseph  Henry  says 
that  when  Hassler  died  in  1843  little  more  than  a  beginning  had 
been  made  in  the  Survey  and  that  the  work  was  liable  to  be 
suspended  or  abolished  by  Congress  at  any  time.    He  adds. 

His  [Bache's]  appointment  to  this  position  was  first  suggested  by  the 
members  of  the  American  Philosophical  Society,  and  the  nomination 
fully  concurred  in  by  the  jirineipal  scientific  and  literary  institutions  of 
the  country.  In  this  movement  he  himself  took  no  part,  and  indeed 
regarded  the  position  as  one  not  to  l)e  coveted;  for  while  it  opened  a  wide 
field  for  the  exercise  of  talent  and  the  acquisition  of  an  en^-iable  reputa- 
tion, it  involved  responsibilities  and  presented  difficulties  of  the  gravest 
character.   Professor  Bache  was  not  one  of  those  who,  abounding  in 
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self-<'()nfideii(*o,  imagine  themselves  equal  to  every  exigency,  or  who 
seek  the  distinctions  and  emoluments  of  office  without  any  regard  to 
the  services  to  be  rendered  or  the  duties  to  be  discharged. 

The  friends  of  Professor  Bache  rallied  to  his  support.  Pro- 
fessor Henry  wrote,  "No  other  living  man  is  so  well  qualified  as 
himself  to  fill  this  ofl&ce."  The  following  manuscript  letter  in 
the  Gratz  Collection  of  the  Historical  Society  of  Pennsylvania 
from  John  Torrey  to  Benjamin  Silliman  shows  the  high  regard  in 
which  this  young  professor  was  held  by  older  scientists:* 

Manuscript  letter  from  J[ohn]  Torrey  to  Prof.  B[enjamin]  Silliman 

New  York.    Nov.  29th,  1843. 

My  dear  Sir: 

You  may  have  heard  that  Prof.  A.  D.  Bache  is  applying  for  the 
situation  left  vacant  by  the  death  of  Mr.  Hassler  (Supt.  of  the  Coast 
Survey).  He  wishes  your  recommendation  in  his  behalf  &  would  have 
written  to  you  himself  on  the  subject  had  he  not  thought  it  would  have 
been  asking  too  much  of  you.  His  reputation  is  so  well  established  in 
the  world  of  science,  that  among  his  peers  no  testimonials  would  be 
required,  but  not  so  with  the  great  men  at  Washington.  You  know 
that  Bache  left  the  Military  Academy  in  1825 — served  under  Col. 
Totten  in  the  Corps  of  Engineers  for  some  time — was  called  to  the 
Prof' — of  Natural  Philosophy  in  the  University  of  Pennsylvania,  then  to 
the  Presidency  of  Girard  College — afterwards  was  appointed  to  Super- 
intend the  High  School  in  Philadelphia — &  lastly  reappointed  in  the 
University.  You  are  familiar  with  most  that  he  has  done — &  know 
that  few  men  in  this  (\)uiitr\'  stand  higher  than  he  as  a  iiMt.  philosopher. 
He  is  a  practical  man  also,  &  is  perfectly  well  ac(iuainted  with  the  use 
of  all  kinds  of  scientific  instruments.  He  is  a  gentleman  &  a  scholar. 
Now  if  you  can  say  this  much  in  behalf  of  Prof.  B.  it  may  be  of  the 
greatest  consequence  to  him  &  materially  aid  in  procuring  his  appoint- 
ment. Your  name  would  have  much  weight  with  the  President,  & 
oUiers  at  Washington.  The  Secty.  of  the  Treasury-  will  have  much  to 
say  in  the  matter  &  the  Secty.  of  the  Navy  will  also  have  a  voice. 

His  removal  from  Philadelphia  interfered  with,  but  did  not 
break  his  close  connections  with  this  Society.  He  retired  from  the 
oflRee  of  Secretary  which  he  had  occupied  for  twelve  years  (1832- 
1S44),  Init  was  at  once  elected  Vice-president,  which  office  he 
held  for  nine  years  (1845-1S,")4)  when  he  became  President  (1855- 
1857).  He  presided  at  the  meetings  of  the  Society  from  time  to 
time  and  occasionally  presented  summaries  of  the  w'ork  of  the 
Coast  Survey  and  of  the  Office  of  Weights  and  Measures,  but 

'  I  am  indebted  to  Dr.  Alban  W.  Hoopes  for  calling  my  attention  to  this  letter. 
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his  time  and  efforts  were  more  and  more  absorbed  by  his  man^^ 
activities  at  the  seat  of  government.  This  was  especially  the 
case  during  the  Civil  War  when  he  was  almost  continually  occupieri 
with  duties  for  the  Army  and  Navy,  the  Sanitary  Commission, 
of  which  he  was  Vice-president,  and  the  newly  created  National 
Academy  of  Sciences,  of  which  he  was  the  chief  founder  and  first 
President. 

However,  he  always  regarded  Philadelphia  as  his  real  home 
and  when  called  upon  by  the  Mayor  of  the  City  to  superintend 
the  plans  for  the  protection  of  Philadelphia  against  the  invasion 
of  Lee's  Army,  which  culminated  at  Gettysburg,  he  spent  that 
sultry  summer  overseeing  this  work,  and  thereby  impaired  his 
health  which  continued  to  decline  until  his  death  on  February 
17,  1867. 

The  Minutes  of  the  American  Philosophical  Society  referring 
to  his  death  and  the  arrangements  for  receiving  his  body  in  the 
Hall  of  the  Society  are  given  herewith: 

February  19,  1867 
(Special  Meeting) 

The  President  stated  that  intelligence  of  the  death  of  Professor 
Alexander  Dallas  Baehe,  on  the  17th  inst.,  had  been  received,  and  that 
he  had  convened  this  meeting  for  the  purpose  of  taking  sucli  mea.surcs 
as  might  be  deemed  proper  for  the  loss  of  so  distinguished  an  associate, 
and  to  tender  the  use  of  the  hall  to  the  committee  appointed  by  a  meetini; 
of  the  scientific,  learned,  and  other  bodies  of  the  city,  held  at  the  Chapel 
of  the  University  of  Pennsylvania  this  day. 

Mr.  Fraley  then  reported  to  the  Society  the  proceedings  of  said 
meeting,  and  gave  a  feeling  and  appropriate  sketch  of  the  life,  character, 
and  services  of  Professor  Bache,  and  offered  the  following  resolutions, 
which  were  adopted: 

Resolved,  That  a  committee  be  appointed  to  prepare  appropriate 
resolutions,  expressive  of  the  regret  and  sorrow  of  the  Society  at  the 
loss  it  has  sustained  by  the  death  of  Alexander  Dallas  Bache. 

Resolved,  That  the  hall  of  the  Society  be  placed  at  the  disposal  of 
the  committee,  this  day  appointed  at  a  meeting  held  by  the  members 
of  the  learned  Societies  and  other  bodies,  for  the  reception  and  care  of 
the  remains  of  Professor  Bache,  while  they  remain  in  this  city. 

Resolved,  That  the  chair  of  the  pi-esiding  officer,  and  the  hall  of  the 
Society,  be  draped  in  mourning  for  tiie  space  of  six  months. 

Resolved,  That  a  committee  of  three  be  appointed  to  co-operate 
with  the  committee  above  named,  in  arranging  for  the  reception  and 
proper  care  of  the  body  of  Professor  Bache  while  it  remains  in  the  hall 
of  the  Society,  and  for  making  any  arrangements  for  any  funeral  pro- 
cession, if  such  should  be  deemed  proper. 
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The  rommittec  appointed  under  the  first  resolution  consisted  of 
Air.  Fralcy,  Mr.  Fisher  and  Mr.  Pcale. 

The  committee  appointed  under  the  last  resolution  consisted  of 
Mr.  Cuyler,  Mr.  Price  and  Mr.  T.  P.  James.  (Amer.  PhUos.  Soc. 
Prac.,  X:  326-327.) 


Mr.  Fraley  .  .  .  reported,  on  behalf  of  the  committee  appointed 
at  the  special  meeting  of  the  19th  ultimo,  the  following  resolutions, 
which  were  adopted: 

Resolved,  That  by  the  death  of  Alexander  Dallas  Bache,  the  American 
Philosophical  Society  has  lost  a  member  distinguished  for  his  zeal  in, 
and  devotion  to,  the  cause  of  Science,  and  for  the  excellency  of  his 
private  life  anrl  character. 

Resolved,  That  the  reputation  won  by  Professor  Bache  in  the  cause 
of  education,  and  in  extending  the  whole  realms  of  science  and  useful 
knowledge  is  a  source  of  honorable  gratification  to  his  friends  and  as- 
sociates, and  is  to  be  most  highly  prized  as  a  matter  of  national  pride, 
and  as  placing  our  country,  in  these  respects,  on  an  equality  with  any 
other  in  the  world. 

Resolved,  That  the  termination  of  the  life  of  such  a  man  is  deeply 
to  be  mourned,  for  it  rarely  happens  that  so  much  mental  strength  and 
such  stores  of  knowledge  are  combined  with  such  winning  manners, 
such  delicate  and  profound  discrimination  in  the  choice  of  men  and 
places,  and  such  great  executive  ability  in  accomplishing  results  and 
awarding  to  every  colaborer  his  full  measure  of  appreciation  and  honor. 

Resolved,  That  this  Society,  connected  as  it  has  been  with  him  from 
his  early  manhood  until  his  death,  and  having  had  the  benefit  of  his 
services  and  counsel  in  an  eminent  degree  during  nearly  the  whole  of 
that  period,  is  especially  called  upon  to  deplore  his  loss,  and  to  perpetuate 
on  its  records  the  memory  of  one  so  wise  and  good,  and  to  keep  him 
constantly  in  remembrance  as  an  example  worthy  of  general  imitation. 

Resolved,  Tliat  a  member  be  appointed  to  prepare  an  obituary 
notice  of  Professor  Bache  for  publication  in  the  Proceedings  of  the 
Society. 

Resolved,  That  the  oflBcers  of  the  Society  be  requested  to  forward 
a  copy  of  these  proceedings,  and  of  those  of  the  19th  ultimo,  to  the 
widow  of  Professor  Bache,  and  to  express  our  cordial  sympathy  with 
her  in  the  great  bereavement  with  which  she  has  been  visited. 

On  motion  of  Professor  Frazer,  Mr.  Fraley  was  appointed  to  prepare 
the  obituary  notice.    {Amer.  Philos.  Soc.  Proc.,  X:  327-328.) 


Letters  were  read  .  .  .  from  a  number  of  gentlemen  of  Philadelphia, 
dated  April  11th,  1867,  asking  the  co-operation  of  the  Society  in  the 
erection  of  a  monument  to  the  memory  of  Professor  A.  Dallas  Bache. 

ResoUfed,  That  a  Committee  be  appointed  to  collect  subscriptions 


IVIarch  1,  1867 


April  19,  1867 
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for  tlie  erection  of  a  monument  to  the  memory  of  Professor  Alexander 
Dallas  Bache. 

The  committee  consists  of  Prof.  Kendall,  Mr.  Farley  and  Mr.  Thomas 
P.  James.    {Amer.  PhUos.  Soc.  Proc,  X:  335-336.) 

[No  record  of  the  erection  of  this  monument  has  been  found.] 

To  these  resolutions  of  the  Society  which  he  had  served  and 
honored  so  long  may  be  added  the  editorial  comments  of  two 
Philadelphia  newspapers,  which  Dr.  Alban  W.  Hoopes  of  the 
Library  Staff  of  this  Society  has  brought  to  my  attention: 

Philadelphia  Inquirer,  Monday,  February  18,  1867 

Editorial 

We  deeply  regret  to  announce  the  death  of  Alexander  Dallas  Bache, 
at  Newport,  yesterday.  He  was  the  great  grandson  of  Benjamin  Frank- 
lin, and  was  bom  in  this  city.    He  held  the  post  of  Professor  in  the 

University,  until  he  was  sent  to  Europe  on  behalf  of  the  Trustees  of 
Girard  College,  to  visit  the  institutions  of  learning  there,  and  report  a 
plan  for  the  organization  of  that  College.  On  his  return  he  made  a  very 
full  report  on  education  in  Europe,  which  was  published  the  city, 
and  which  was  a  most  valuable  work.  During  the  completion  of  Girard 
College  he  accepted  the  Principalship  of  the  Central  High  School,  and 
reorganized  that  institution.  He  established  the  division  of  studies 
since  pursued  there,  trebled  the  departments,  and  established  the  system 
of  semi-annual  examinations  and  semi-annual  commencements. 

After  remaining  at  the  head  of  that  school  for  three  years,  he  was 
called  to  the  Chair  of  Natural  Philosoi)hy  and  Chemistry  at  the  Uni- 
versity of  Pennsylvania.  He  remained  there  for  two  years  only,  having 
been  appointed  by  President  Tyler  Superintendent  of  the  Coast  Survey, 
then  vacated  by  the  deatli  of  Mr.  Has[s]ler.  Since  that  time  his  name 
has  been  identified  with  that  great  American  work,  the  coast  survey, 
which,  under  him,  was  developed  in  extent,  and  in  scientific  and  practical 
completeness,  beyond  that  of  any  other  country  in  the  world. 

The  reputation  of  Professor  Bache  is  woild-wide.  He  has  been 
complimented  with  honorary  membership  in  the  leading  scientific  socie- 
ties of  Europe,  and  has,  from  time  to  time,  received  tokens  of  honor 
from  them.  He  enjoyed  the  personal  friendship  and  correspondence  of 
such  men  as  numi)()Idt,  Farraday  [sic],  Agassiz,  Henry,  Pierce  and  Gra- 
ham; and  in  this  country  his  name  is  identified,  as  an  active  promoter,  with 
nearly  every  scientific  body.  He  was  one  of  the  presiding  officers  of 
the  American  Philosophical  Society,  one  of  the  founders  of  the  Franklin 
Institute,  and  also  of  the  National  Association  [Academy]  of  Science 
and  the  Academy  of  Natin\al  Sciences. 

When  the  Rebellion  broke  out,  he  resis(<'d  every  effort  on  the  part 
of  the  Southern  leaders  to  win  him  over  as  they  had  done  Maury  and 
others.    He  baffled  their  secret  attempts  to  obtain  maps  and  charts 


Copyrighted  maleiial 


IN  COMMEMORATION  OF  A.  D.  BACHE 


143 


of  the  Southern  harbors  and  coasts  from  the  Coast  Survey  Office.  At 
the  same  time  he  rendered  most  efficient  service  in  providing  our  block- 
ading squadrons  with  accurate  charts  of  the  coast  and  its  inlets,  and  the 
army  with  valuable  topographical  maps,  compiled  and  published  under 

his  direction. 

About  the  time  of  the  invasion  of  tliis  State  by  the  Rebels,  he  was 
invited  to  this  city  to  superintend  the  fortifications  in  process  of  erection. 
It  was  while  devoting  himself  to  this  work  that,  by  severe  intellectual 
labor  and  exposure,  he  so  impaired  his  health  as  to  lay  the  seeds  of  the 
disorder  from  which  he  died  at  Newport  yesterday. 

He  was  a  most  thorough  man  of  science,  eminently  proficient  in 
mathematics,  natural  philosophy,  and  chemistry,  and  of  remarkable 
administrative  ability. 

Modest  and  (juiet  in  his  demeanor,  he  was  zealous  in  the  promotion 
of  science  and  education,  and  in  private  life  he  was  a  most  devoted  hus- 
band and  a  sincere  Christian.  He  was  warmly  attached  to  Philadelphia 
and  her  interests,  and  we  are  indebted  for  the  selection  of  League  Island 
for  our  national  navy  yard,  in  a  very  great  degree,  to  his  well  directed 
and  persistent  efforts  while  acting  as  one  of  the  first  commissioners  to 
report  on  a  site  for  a  navy  yard. 

His  loss  will  be  severely  regretted  by  a  large  circle  of  friends  here 
and  by  all  true  men  of  science  throughout  the  world. 

Philadelphia  Inquirer,  February  22,  1867 
Ohsequica  of  the  late  Professor  Bache 

Thnjughout  yesterday  the  body  of  Professor  Alexander  Dallas 
Bache,  LL.D.,  late  Superintendent  of  the  Coast  Survey,  lay  in  state  in 
the  rooms  of  the  Philadelphia  Philosophical  Society,  on  Fifth  Street, 
below  Chestnut.  The  halls  were  tastefully  draped  in  black,  and  the 
body  placed  in  the  south  room.  .  .  . 

Owing  to  the  festivities  incident  to  today  as  the  anniversary  of 
Wa.shington*s  birthday,  the  remains  will  be  escorted  unostentatiously  to 
the  Baltimore  depot,  leaving  the  hall  at  ten  o'clock  a.m. 

The  Age,  Tuesday,  February  19,  1867 
Editorial 

We  have  to  record  the  death  of  an  eminent  Philadelphian,  Alexander 
Dallas  Bache,  which  took  place  at  Newport  a  few  days  ago.  Mr.  Bache 
was  a  Philadelphian  by  birth,  family,  boyish  education,  the  association 
of  his  mature  life,  and  in  feeling.    He  was  the  son  of  Richard  Bache, 

for  many  years  Postmaster  of  this  city, — the  grandson  on  the  maternal 
side  of  Alexander  James  Dallas,  and  great-grandson  of  Doctor  Franklin. 
Here,  on  the  I9th  of  July,  1806,  he  was  born,  and  here  he  was  educated 
until  he  went  to  West  Point,  where  he  was  graduated  with  the  highest 
distinction,  and  was  then  commissioned  as  Lieuttuiant  of  Engineers. 
He  did  not  remain  long  in  the  military  service,  his  tastes  being  purely 
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scientific.  .  .  .  But  the  great  work  of  his  life  was  the  Coast  Survey, 
of  which  he  was  Superintendent  for  many  years.  Under  his  guidance 
it  weathered  the  political  storms  which,  from  time  to  time,  threatened 

it,  and  was  as  nearly  as  may  be  completed.  In  former  and  happier 
days  [before  the  war],  tlie  great  opponent  of  the  Survey,  and  incidentally 
of  Mr,  Baehc,  was  Colonel  Benton.  Their  advocate  and  zealous  sup- 
porter was  a  statesman  whom  now  it  is  heresy  to  praise.  Alexander 
Dallas  Baehe  in  the  Survey,  and  Montgomery  Meigs  in  the  great  archi- 
tectural and  engineering  ^vork  in  the  District  of  Columbia,  owe  every- 
thing to  him  who  is  now  a  prisoner  at  Fortess  Monroe  (i.e.  Jefferson 
Davis).  .  .  . 

Here  is  a  summary  of  the  connection  of  Alexander  Dallas 
Bache  with  the  American  Philosophical  Society,  although  in 
describing  this  connection  it  has  been  necessary  now  and  again 
to  touch  upon  other  organizations  and  topics  assigned  to  other 
speakers.  The  life  of  Bache  was  so  full  of  activity  that  it  over- 
flowed in  many  directions,  but  I  think  it  may  fairly  be  said  that 
its  well-spring  was  here  in  this  Society  which  his  great  grandfather 
founded  and  which  he  honored  so  greatly  through  all  his  pro- 
fessional life. 
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{Read  February  I4,  19^1,  in  Commemoration  oj  A.  D.  Bache) 

Two  years  after  tlie  death  of  Alexander  Dallas  Bache,  which 
occurred  in  Newport,  1807,  a  eulogy  appeared  in  the  Journal  of 
The  Franklin  Instiiutef  which  ended  with  these  words: 

It  is  rare  that  a  man  leaves  us  without  a  successor  appearing  to  take  his 
place,  but  the  void  which  Mr.  Bache  leaves  in  the  general  scientific 
strength  of  the  country  has  not  yet  been  filled. 

It  was  inevitable  that  a  num  of  Professor  Bache's  caliber  and 
>;cieutific  attainments  should  have  become  a  leader  in  The  Franklin 
Institute.  He  came  to  Philadelphia  as  Professor  of  Natural 
Philosophy  and  Chemistry  in  the  University  of  Pennsylvania, 
when  he  was-  twenty-two  years  old.  This  was  the  year  1828. 
Four  years  before,  the  energy  and  enthusiasm  of  other  young  men 
had  brought  into  being  a  virile  young  society — The  Franklin 
Institute.  The  leaders  who  established  the  organization  were 
Samuel  V.  Merrick,  not  quite  twenty-one  years  of  age,  and  Pro- 
fessor William  H.  Keating  of  the  University  of  Pennsylvania,  also 
a  young  man.  Professor  Keating  had  completed  his  scientific 
training  in  France  and  Switzerland  and  had  returned  to  the  United 
States  full  of  zeal  for  the  diffusion  of  scientific  knowledge.  He 
was  immediately  appointed  to  the  newly  created  chair  of  Chemistry 
in  its  application  to  Agriculture  and  the  Mechanic  Arts,  at  the 
University  of  Pennsylvania.  There  can  be  no  doubt  that  his 
enthusiasm  for  the  new  society  was  communicated  to  his  colleague, 
Professor  Bache.  That  a  close  association  existed  between  the 
two  men  is  evident  from  the  minutes  of  the  Institute,  and  when 
Professor  Keating  died  in  London  in  1840,  Professor  Bache  offered 
the  resolution  expressing  the  regret  and  loss  of  the  Institute;  and 
he  served  on  the  Committee  appointed  to  condole  with  the  family. 
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But  we  like  to  believe  that  family  pride  and  the  challenge  of 
his  ancestors  played  an  important  part  in  Bache's  interests  and 
activities  in  The  Franklin  Institute.  Born  in  1806,  he  was  the 
son  of  Richard  Bache,  grandson  of  the  illustrious  Franklin  for 
whom  the  young  society  had  been  named.  Endowed  with  many 
of  the  attributes  of  his  noted  great  grandfather,  this  young  man 
would  naturally  contribute  his  talents  to  adorn  and  perpetuate 
so  fitting  a  memorial  to  one  of  his  own  kin. 

He  was  not  the  only  one  of  that  name  to  be  connected  with 
the  Institute.  A  Richard  Bache  was  elected  a  member  in  1824, 
a  Benjamin  Bache  is  mentioned  amonfi;  the  early  members,  and  a 
Franklin  Bache's  name  appears  many  times,  particularly  as  a 
professor  of  chemistry  in  the  schools  of  the  Institute.  It  will  be 
recalled  that  Sarah,  Benjamin  Franklin's  daughter,  married 
Richard  Bache  and  became  the  mother  of  eight  children.  One, 
Benjamin  Franklin  Bache,  evidentl}^  displayed  traits  of  character 
which  endeared  him  to  his  grandfather  who  took  him  to  Paris, 
there  to  act  as  his  secretary.  The  active  and  able  young  men 
just  named  from  the  early  annals  of  the  Institute  were  the  sons 
of  this  favorite  grandson  of  Franklin,  and  first  cousins  of  the 
gentleman  we  are  discussing  today. 

Alexander  Dallas  Bache  was  proposed  for  membership  in  The 
Franklin  Institute  by  Samuel  Vaughan  Merrick,  in  April,  1829, 
and  was  duly  elected  the  following  month.  His  first  public 
connection  with  the  Institute  was  mentioned  when  it  was  recorded 
that  on  "March  25,  1830:  A  stated  monthly  meeting  of  the  Insti- 
tute was  held  in  their  Hall.  Professor  A.  Dallas  Bache  was 
appointed  Chairman." 

From  that  time  on,  scarcely  a  month  passed  without  some 
mention  of  the  name  of  Alexander  Dallas  Bache.  He  served  on 
the  Board  of  Managers  from  1831  to  1839,  and  was  Corresponding 
Secretary  from  that  time  until  1843.  His  services  to  tlie  Institute 
included  membership  in  the  Committees  on  Meteorology,  Inven- 
tions, Instruction,  Meetings,  and  Pul>lication,  and  on  the  Com- 
mittees on  Patent  Laws  and  the  Manufacturing  Establishments 
of  Pennsylvania.  In  1834,  the  Committee  on  Inventions  was 
dissolved  and  in  its  place  there  was  established  the  ''Committee 
on  Science  and  the  Arts"  continuing  the  work  of  the  other  com- 
mittee but  having  enlarged  powers  and  a  wider  field  of  labor. 
As  originally  constituted,  membership  in  this  committee  was  open 
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to  all  members  of  the  Institute  in  good  standing  who  chose  to 
enroll  tlieir  names,  and  who  by  thus  voluntarily  associating 
themselves  with  the  committee  pledged  themselves  to  perform 
the  duties  assigned  to  them.  Bache  was  chosen  first  chairman 
of  this  Committee  on  Science  and  the  Arts. 

This  volunteer  system  of  service  continued  for  fifty  years, 
when  an  elective  system  was  put  into  force  which  is  the  method 
used  for  memV)ership  in  this  Committee  today.  From  tlie  very 
beginning  this  Committee  has  performed  a  useful  scientific  service, 
as  attested  by  its  records  of  investigations  of  many  subjects  of 
importance.  It  is  the  branch  of  the  Institute's  work  which  perhaps 
more  than  any  other  illustrates  the  spirit  which  animated  the 
founders  and  which  their  successors  have  worthily  perpetuated 
and  striven  to  improve  and  extend.  It  meets  the  urgent  demand 
felt  by  inventors  and  discoverers  in  science — that  some  competent, 
trustworthy  and  wholly  impartial  body  should  exist  to  which 
they  may  turn  for  judgment  and  expert  opinion  on  the  usefulness 
of  their  researches. 

The  history  of  such  a  distinguished  member  of  The  Franklin 
Institute  is  necessarily  the  history  of  the  Institute  itself.  Professor 
Bache  was  one  of  the  Committee  appointed  by  the  Board  of  Man- 
agers to  inquire  into  and  report  upon  the  probable  causes  of  numer- 
ous explosions  of  boilers,  and  to  find  the  best  way  to  obviate  the 
recurrence  of  such  an  evil.  While  research  was  still  in  progress,  t  he 
Secretary  of  the  Treasury  of  the  United  States  requested  that 
further  extension  of  the  Institute's  inquiry  include  the  prevention 
of  steam  boiler  explosions.  This  led  naturally  to  an  investigation 
of  the  strength  of  materials,  and  the  Committee  devised  apparatus 
of  various  forms  for  the  testing  of  metals,  building  materials, 
steam  boilers,  etc.  The  results  of  this  extensive  work  were 
published  in  the  Journal  of  The  Franklin  Institute  in  various 
issues  from  1831  to  1837. 

Besides  doing  valiant  work  on  the  Institute's  committees, 
Bache  found  time  to  contribute  many  important  papers  to  its 
Joumalf  and  to  be  interested  in  the  exhibits  of  the  Institute.  It 
is  recorded  that  he  delivered  the  address  at  the  close  of  the  Annual 
Exhibition  in  1842,  an  honorable  appointment  decided  upon  by  a 
special  committee. 

Another  important  phase  in  the  early  days  of  The  Franklin 
Institute,  made  possible  by  the  character  of  its  members,  was  the 
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splendid  co-operation  which  existed  between  the  Institute  and 
sister  organizations.   The  meeting  of  a  small  group  of  men  to 

decide  whether  or  not  The  Franklin  Institute  should  be  brought 
into  being  was  held  in  the  "Philosophical  Hall";  the  Committee 
on  Lectures  in  the  early  minutes  reports  that  they  "had  the 
satisfaction  of  announcing  to  the  Board  that  the  Trustees  of  the 
University  had  granted  tlie  Society  the  use  of  their  Academy  on 
Fourth  Street  for  the  introductory  lecture."  (This  was  in  April 
1824,  the  Institute  having  been  organized  in  February  of  the  same 
year.)  And  in  December,  1825,  we  find  in  our  minutes  the 
following: 

Resolved:  That  the  thanks  of  the  Board  be  offered  to  the  American 
Philosophical  Society  for  their  liberality  in  leaving  the  busts  and  medals 
of  Franklin  in  their  possession  for  the  use  of  the  artist  who  prepared 
the  medal  die. 

The  Franklin  Institute,  having  been  aided  and  encouraged  in 
its  formative  period,  was  quick  to  co-operate  with  others,  and 
again  we  come  back  to  Alexander  Dallas  Bache. 

We  find  that  upon  his  appointment  to  the  presidency  of  Girard 
College  he  was  commissioned  by  his  Board  of  Trustees  to  visit 
Europe,  in  order  to  gain  first-hand  knowledge  of  the  superior 
types  of  education  which  existed  there.  Dr.  Bache  gave  two 
years  to  his  travels.  When  he  returned  he  presented  a  full  report 
of  his  findings  (Education  in  EuropCf  Report  to  the  trustees  of 
Girard  College  for  Orphans,  666  pages,  Phila.,  1839).  Appro- 
priately enough,  his  report  was  reviewed  in  the  Journal  of  The 
Franklin  Institute  (January,  1840).  In  1850  we  find  the  Institute 
sponsoring  "The  School  of  Design  for  Women,"  and  in  1889,  at 
the  November  meeting  of  the  Institute,  it  is  recorded: 

President  Joseph  M.  Wilson,  at  the  Stated  Meeting  of  the  Institute  .  .  . 
made  some  remarks  upon  his  observations  of  trade  schools  in  France 
and  England,  having  been  charged  with  the  task  of  investigating  the 
organization  and  mode  of  operation  of  such  institutions  on  behalf  of 
the  projected  school  of  Mr.  A.  J.  Drexel  of  Philadelphia. 

So  again,  fifty  years  after  Bache  made  his  report  for  Girard 
College,  the  Journal  of  The  Franklin  Institute  carried  a  report 
*'0n  Schools:  with  particular  reference  to  Trade  Schools,"  which 
work  resulted  in  the  founding  of  Drexel  Institute.  The  report 
had  been  made  by  Joseph  M.  Wilson,  noted  civil  engineer  and 
architect  of  his  day,  who  designed  buildings  for  the  World's 
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Fair  of  1876,  and  built  many  famous  bridges.  He  was  President 
of  The  Franklin  Institute  at  the  time  he  was  commissioned  by 

Mr.  Drexel  to  gather  data  on  trade  schools. 

The  In.-stitute  co-operated  with  societies  in  otlier  cities  as  well. 
Minutes  of  October,  1840,  read: 

Professor  Bache  reported  that  he  had  visited  the  Fair  of  the  American 
Institute  in  the  City  of  New  York  in  company  with  several  members 
of  the  Institute,  as  a  Delegate  from  the  Institute,  and  gave  an  account 
of  the  Fair. 

I  have  cited  these  instances  just  to  show  that  the  encourage- 
ment and  co-operation  received  by  The  Franklin  Institute  in  its 
early  days  was  remembered  and  passed  along  when  other  institu- 
tions were  thought  of  and  needed  publicity. 

We  have  the  pleasant  conviction  today  that  our  building  on 
the  Benjamin  Franklin  Parkw^ay,  and  the  work  carried  on  within 
its  walls,  constitute  a  fitting  memorial  to  the  great  American 
whose  name  it  bears,  l)ut  an  occasion  such  as  this  properly  makes 
us  pause  and  delil)erate  upon  the  great  responsibility  w^hich  we 
have  inherited.  We  not  alone  must  make  the  Institute  worthy 
of  its  patron — we  must  live  up  to  the  high  courage  and  lofty 
ideals  of  gentlemen  such  as  Professor  Bache,  w^ho,  though  called 
to  serve  his  Government,  never  lost  touch  with  the  Institute. 
He  freely  gave  of  his  time  and  his  talents,  so  that,  upon  his  death 
it  is  recorded: 

By  the  death  of  Professor  Alexander  Dallas  Bache,  the  Franklin  In- 
stitute has  lost  its  most  distinguished  member,  one  to  whose  labors,  while 
a  resident  of  this  city,  it  was  indebted  in  an  eminent  degree,  for  the 
credit  and  reputation  it  obtained  for  its  experiments  on  Water-power, 
on  Steam  Expansion,  and  on  the  Strength  of  Materials.  .  .  . 

That  the  Institute  will  ever  cherish  ...  his  generous  and  warm  sym- 
pathy with  its  members  in  every  movement  that  would  add  to  the  pro- 
gress of  Science  and  the  Mechanic  Arts  and  to  the  cultivation  of  liberal 
opinions  and  hearty  social  intercourse  and  good  fellowship; 

That  we  mourn  the  loss  ...  of  so  good  and  great  a  man! 

Of  such  characters  The  Franklin  Institute  has  been  created. 


THE  CONNECTION  OF  ALEXANDER  DALLAS  BACHE  WITH 
THE  UNIVERSITY  OF  PENNSYLVANIA 


EDWARD  P.  CHBYNEY 

ProfesBor  Emeritus  of  European  History,  University  of  Pennsylvania 

{Read  February  I4,  1941,  t«  Commemoration  of  A.  D.  Bache) 

Alexander  Dallas  Baelie,  then  young  and  unknown,  was 
appointed  in  the  fall  of  1S28  to  fill  the  position  in  the  University 
formerh'  occupied  by  Robert  M.  Patterson,  who  had  resi!2;ned  to 
accept  a  professorship  in  the  University  of  Virginia.  His  appoint- 
ment came  at  a  crisis  in  the  University's  life.  Its  affairs  had  been 
going  badly;  its  income  was  inadequate,  the  number  of  students 
in  the  department  of  Arts  was  small,  their  attendance  irregular, 
their  behavior  frequently  bad.  Much  the  same  was  true  of  the 
other  colleges  of  the  time.  The  ^arly  decades  of  the  nineteenth 
century  were  a  time  of  low  water  in  academic  life  in  America. 
The  Trustees  of  the  University  of  Pennsylvania  not  being  able 
to  obtain  for  the  institution  the  success  they  wished,  decided 
shortly  after  the  resignation  of  Professor  Patterson  to  reorganize 
the  Faculty.  This  they  did  by  vacating  the  chairs  of  all  the 
remaining  professors  and  appointing  a  committee  to  select  a  new 
Faculty.  It  was  as  one  of  the  nominees  of  this  committee  that 
young  Bache  was  chosen.  The  Trustees  would  gladly  have  re- 
elected Professor  Patterson  but  he  preferred  to  accept  the  Virginia 
position.  They  then  elected  Henry  W'thake,  at  that  time  an 
instructor  in  Mathematics  [ind  Clieniistry  at  Dickinson  College, 
but  he  declined  though  some  years  later  he  was  elected  Professor 
of  Mathematics  at  the  University  and  remained  in  its  service 
for  more  than  twenty  years. 

The  committee  then  nominated  Alexander  Dallas  Bache  and 
he  was  elected  Professor  of  Natural  Pliilosophy  and  Cliennstry, 
Sept.  IG,  1828.  Althougli  but  twenty-two  years  of  age  (men 
matured  early  a  hundred  years  ago),  tlie  choice  was  a  natural 
one.  Bache  was  a  Philadelphian.  He  was  born  here  and  edu- 
cated at  a  local  classical  school  (daremont  Academy),  till  ap- 
pointed a  cadet  at  West  Point.    He  was,  on  his  father's  side, 
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a  great-grandson  of  Benjamin  Franklin,  a  grandson  of  Richard 
Bache,  husband  of  Franklin's  daughter,  who  was  active  in  the 
Kevolution  and  Postmaster  of  the  Colonies.  On  his  mother's  side 
he  was  a  grandson  of  Alexander  James  Dallas,  formerly  Secretary 
of  the  Treasury  of  the  United  States,  and  a  nephew  of  James  M. 
Dallas,  Vice  President  of  the  United  States  and  later  Minister  to 
Great  Britain.  A  cousin  was  Dr.  Franklin  Bache,  a  practicing 
physician  in  Philadelphia,  lung  a  prominent  mcnil)er  and  officer 
of  the  Philosophical  Society.  He  and  his  relatives  were  a  typical 
group  of  that  intellectual-scientific  society,  as  characteristic  of 
Philadelphia  in  the  early  nineteenth  century  as  was  a  somewhat 
niore  literary  group  of  New  Enj^land;  but  the  history  of  whose 
flowering  has  not  yet  been  written. 

Precocious  and  studious,  Alexander  Dallas  Bache  graduated 
at  West  Point  in  1825,  at  the  age  of  nineteen,  at  the  head  of  his 
class  and  with  special  commendation  from  the  Secretary  of  War, 
who  was  himself  present  at  his  examination.  He  remained  at  the 
Academy  for  a  year  on  an  appointment  to  teach  Engineering,  then 
was  detailed  to  assist  in  building  some  fortifications  (Fort  Adams) 
at  Newport,  Rhode  Island.  Here  he  remained  two  years.  It  is 
of  some  interest  to  note  that  during  this  period  he  made  a  scientific 
study  and  compiled  a  Ust  of  the  shells  of  that  neighborhood. 
When  it  is  remembered  that  the  historian  Henry  C.  Lea  began 
his  long  and  productive  career  by  studying  and  writing  on  marine 
and  freshwater  shells  on  which  he  had  published  in  scientific 
journals  ten  pa])ers  hefoie  he  published  his  first  historical  essay, 
one  is  led  to  wonder  whether  that  study  is  not  a  good  introduction 
to  any  other  branch  of  learning.  Certainly  the  accuracy  of 
observation  and  description,  the  training  in  classification  and  the 
impartiality  of  treatment  fundamental  to  all  scientific  study  form 
an  admirable  preparation  for  any  intellectual  career.  It  was  at 
Newport  that  in  September  1828  he  received  from  Nicholas 
Biddle,  Chairman  of  the  Committee  of  the  Board  of  Trustees,  the 
notification  of  his  appointment  in  the  University.  His  graceful 
letter  of  acceptance  and  appreciation  signed  as  Second  Lieutenant 
in  the  Engineer  Corps  United  States  Army  still  lies  among  the 
Biddle  papers  at  the  University.  Like  many  another  young 
teacher,  on  the  strength  of  his  appointment  he  married,  resigned 
from  the  army,  and  October  1828  appeared  at  the  University 
ready  to  take  up  his  teaching.    In  the  meantime  the  other  vacan- 
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cies  m  the  little  Faculty  were  filled  and  the  next  year  a  new  College 
building  was  erected  at  Ninth  and  Market  streets  in  the  place  of 
the  old  one  at  Fourth  street;  so  it  was  m  this  reorganized  and  more 
hopeful  University  he  took  up  his  work. 

His  duties  were  arduous.  He  met  each  of  his  three  classes 
every  day  of  the  week,  inchiding  Saturday.  In  his  second  year 
he  was  made  Secretary  of  the  Faculty  and  a  vast  amount  of 
writinjr  in  his  small,  clear  hand  remains  to  testify  to  this  part  of 
his  Cullcfie  work.  He  kept  the  minutes  of  the  weekly  Faculty 
meetings,  wrote  letters  transmitting  reports  to  the  Board  of 
Trustees,  and  corresponded  in  the  name  of  the  Faculty  with 
parents  who  protested  against  the  disciplinary  action  taken  against 
their  sons.  It  is  not  a  matter  of  surprise  that  he  soon  appealed 
to  the  Trustees  for  an  assistant  to  do  some  of  this  routine  writing. 
He  proposed  that  some  one  should  be  paid  $100  a  year  for  this 
work,  but  after  some  discussion,  at  the  suggestion  of  the  Provost 
one  of  the  students  was  relieved  of  his  College  fees  in  return  for 
giving  some  help;  but  there  does  not  seem  to  have  been  much 
diminution  in  the  amount  of  his  written  work.  As  to  his  teaching, 
it  gave  an  outline — it  can  hardly  have  been  anything  more — of 
the  whole  field  of  the  physical  sciences.  His  students  were  boys  of 
sixteen,  seventeen  or  eighteen  years,  corresponding  in  age  to  those 
of  the  last  three  years  of  our  present  high  schools.  But  perhaps 
boys  as  w^ell  as  their  teachers  matured  more  rapidly  a  hundred 
years  ago.  There  were  from  twenty  to  thirty  in  each  of  his 
classes.  The  teaching  of  the  physical  sciences,  ''natural  phi- 
losophy," as  that  group  of  subjects  was  called  in  distinction  from 
moral  philosophy — was  an  old  tradition  at  Penns3'lvania,  w'hich 
was  less  exclusively  addicted  to  the  classics  than  most  other 
colleges;  Init  occasion  w^as  taken  of  the  general  reorganization  of 
1829  and  the  accession  of  Prof.  Bache  to  increase  their  share  in 
the  curriculum.  According  to  the  catalogues  of  this  period  he 
taught  to  the  Sophomores  "the  Elements  of  Natural  Philosophy 
and  Chemistry,"  to  the  Juniors,  under  the  head  of  Mechanics 
"the  Doctrines  of  rest  and  motion  as  applied  to  solids  and  liquids 
and  to  machines";  under  the  head  of  Physics,  "Electricity,  Mag- 
netism and  Electro-Magnetism",  and  under  the  head  of  Chemis- 
try, "Inorganic  Chemistry."  To  the  Seniors  he  taught  "Optics 
as  a  branch  of  Physics,"  Astronomy,  and  the  Steam  Engine,  and 
completed  Chemistry.   He  lectured  also  on  the  Elements  of 
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Geolop;y  and  Mineralogy,  and  gave  a  general  review  of  tlie  whole 
field  of  Physical  Science. 

Beyond  tliese  l)rief  titles  in  the  catalogue  and  reports  of  exam- 
inations we  have  little  knowledge  of  the  content  of  these  courses. 
None  of  his  notes  so  far  as  knowm  have  been  preserved.  A  few^ 
glimpses  of  his  methods  can  he  obtained.  In  tlie  second  year  of 
his  incumbency  he  petitioned  the  Trustees  for  a  grant  of  $250 
a  year,  $100  of  it  for  materials  for  the  teaching  of  Chemistry, 
$50  for  current  repairs  to  the  pliysical  apparatus,  and  $100  for 
technical  assistance  in  preparing  materials  while  he  was  lecturing. 
As  he  says,  only  with  such  provision  can  his  subject  be  taught 
"with  vigor  and  activity."  The  kind  of  teaching  in  which  the 
students  themselves  should  participate  in  experiment  was  still 
three-quarters  of  a  century  ahead.  The  Trustees  seem  to  have 
been  rather  shocked  at  his  request;  it  was  referred  to  the  com- 
mittee on  appropriations,  but  was  granted  then  and  yearly  there- 
after. In  1835  he  finds  he  has  overdrawn  this  account,  but 
states  that  he  had  paid  the  excess  himself.  He  apologizes  for  his 
carelessness  but  explains  that  he  has  always  carefully  deducted 
the  cost  of  any  material  he  has  used  in  his  own  research,  though 
he  acknowledges  that  "in  research  I  have  felt  much  restricted  by 
want  of  means." 

Some  idea  of  his  methods  of  teacliiiig  may  be  obtained  from 
the  text-books  he  used.  In  Chemistry  he  used  the  w^ell  known 
work  published  in  England  by  Edward  Turner  in  1827,  the  year 
before  he  began  teaching.  It  was  almost  immediately  reprinted 
in  America  and  a  second  edition  was  published  in  Philadelphia  in 
1829.  It  was  extremely  popular  and  a  sixth  edition,  edited  by 
Dr.  Franklin  Bache,  was  issued  in  Philadelphia  in  1840.  One  is 
somewhat  surprised  to  find  this  text-book  prescribed  b}'  Bache 
to  be  used  with  his  elementary  course  in  Physics  as  well  as  in 
Chemistry,  until  it  is  noticed  that  Turner  prefixed  to  the  chemical 
portion  of  his  book  an  admirable  chapter  of  some  seventy-five 
pages  on  what  he  called  "The  Imponderables" — Heat,  Light, 
Electricity  and  Galvanism.  For  his  more  advanced  work  in 
Physics  he  made  use  of  the  well  known  Treatise  on  Optics,  by 
Brewster;  but  after  using  it  in  its  English  form  for  three  years  he 
himself  prepared  a  new  edition  of  this  work  which  was  published 
under  his  name  as  editor  in  Philadelphia  in  1833.  Although  this 
contained  various  original  notes,  its  principal  characteristic  was 
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a  long  appendix  devoted  to  the  two  subjects  of  the  Reflection  and 
Refraction  of  Light.  It  was  distinctly  an  American  collepje  text- 
book. He  says  in  his  Preface  tliat  his  object  in  undertaking  the 
new  edition  was  to  adapt  it  for  use  in  ''those  of  our  colleges  in 
which  considerable  attention  is  given  to  tlie  course  in  Natural 
Philosophy."  America  was  coming  of  age  in  still  another  phase 
of  her  life.  He  claims  that  it  is  not  an  untried  form  of  instruction; 
that  most  of  it  has  "entered  into  the  mathematical  part  of  tlie 
course  taught  to  the  senior  class  in  the  University  of  Pennsyl- 
vania." He  signs  himself  'Trofessor  of  Natural  Philosophy  and 
Chemistry  in  the  University  and  one  of  the  secretaries  of  the 
American  Pliilosoplncal  Society."  In  his  last  year  at  the  Uni- 
versity he  used  Gummere's  Astronomy,  For  his  other  courses 
he  seems  to  have  relied  largety  on  the  popular  works  of  Lardner 
in  his  Library  of  Useful  Knowledge.  In  1832  he  translated  from 
its  French  form  and  published  in  the  American  Journal  of  Science 
Berzelius'  Essay  on  Chemical  Nomenclature^  but  this  was  cer- 
tainly too  advanced  for  use  with  his  college  classes.  In  1836,  in 
recognition  of  the  provision  in  the  college  building  of  a  special 
room  for  the  courses  in  Geology  he  presented  to  the  University 
"as  a  nucleus  for  a  geologic  cabinet"  his  collection  of  some  400  or 
500  specimens  of  minerals.  In  1837  the  Trustees  acknowledged 
his  attainments  by  conferring  on  him  the  degree  of  LL.D.  He 
was  still  only  thirty-one  years  old. 

In  the  paucity  of  records  concerning  his  methods  of  teaching 
it  may  be  helpful  to  note  that  of  all  the  cases  of  students'  dis- 
orders that  encumber  the  records  of  the  time,  none  took  place  in 
Professor  Bache  s  room.  Professor  Adrain,  Professor  Wylie  and 
even  the  polished  Professor  Henry  Reed  frequently  "arraigned," 
as  the  expression  of  the  time  was,  students  for  inattention,  dis- 
respect or  disorder  in  their  class  rooms,  and  even  tlie  Provost 
complained  occasionally  of  bad  behavior  in  chapel.  But  on  the 
minute  book  there  is  not  a  complaint  emanating  from  Professor 
Bache's  room.  Even  his  successor  had  trouble  with  his  students, 
so  it  can  hardly  have  been  the  fascinations  of  the  subjects  of 
physics,  chemistry  and  geology  that  kept  the  students  orderly. 
It  would  seem  to  be  possible  to  make  teaching  so  interesting  that 
students  will  not  want  to  misbehave. 

Of  the  more  personal  side  of  his  relations  with  his  students 
there  is  more  record  than  of  the  purely  intellectual  side.  The 
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traditional  story  of  the  origin  of  the  Zelosophic  Society  describes  a 
group  of  students  in  1829  engaged  in  a  dispute  concerning  the 
policy  being  pursued  by  President  Jackson  of  removing  his  political 

opponents  from  office,  when  Professor  Bache  approached  the 
group  and  was  asked  his  opinion.  This,  with  the  usual  profes- 
sorial caution,  he  declined  to  give,  hut  suggested  that  they  hold 
a  formal  debate  on  the  subject,  intimating  his  willingness  to  act 
as  moderator.  From  a  series  of  such  debates  arose  the  new- 
literary  society  in  rivalry  with  the  older  Philomatliean.  The 
documentary  evidence  for  this  occurrence  is  somewhat  slight  but 
there  is  no  dou])t  of  the  early  and  reciprocal  interest  between 
Prof.  Bache  and  that  Society.  Long  afterward  the  Society  had 
a  portrait  of  him  painted,  which  now  hangs  in  the  office  of  the 
President  of  the  University  with  the  statement  that  it  is  the  gift 
of  the  Zelosophic  Society.  There  is  other  testimony  to  his  popu- 
larity. At  an  Alumni  dinner  held  in  the  year  1849,  some  years 
after  he  had  left  the  University,  William  B.  Reed  ofifered  a  toast 
to  Professor  Bache  and  in  speaking  to  it  said:  ''I  am  a  graduate 
of  the  class  of  1832,  the  first  class  that  commenced  their  studies 
and  graduated  under  the  new  Faculty,  of  which  Professor  Bache 
was  an  efficient  member.  No  one  who  has  the  good  fortune  to 
have  been  a  pupil  of  Professor  Bache  can  forget  the  amiable 
simpUcity  of  his  character,  his  devotion  to  the  cause  of  science, 
his  true  and  loyal  attachment  to  the  University  and  his  warm 
and  abiding  friendship."  What  more  could  have  been  said  of  the 
friendly  spirit  of  Mr.  Chips?  The  same  friendly  relation  with 
his  students  may  be  read  between  the  lines  of  his  recommendation 
to  the  Secretary  of  the  Navy  of  one  of  his  old  students  who  was 
seeking  in  1845  a  position  in  the  Navy,  to  whose  talents  he  testifies 
and  whom  he  describes  as  *'an  assistant  at  the  magnetic  observa- 
tory at  Philadelphia." 

When  he  resigned,  the  resolutions  of  regret  adopted  by  his 
colleagues  of  the  Faculty  say  that  ''their  first  and  most  pleasing 
recollection  is  suggested  by  the  fact  that  the  connection  has  been 
distinguished  by  an  unbroken  harmony."  They  speak  of  his 
"disinterested  character  and  the  amenity  of  their  late  association 
.  .  .  which  merits  a  distinct  and  peculiar  record."  Kind  resolu- 
tions on  parting  must  not  be  taken  too  seriously.  Such  testi- 
monials are  apt  to  be  undiscriminating  and  even  fulsome.  But 
there  have  been  members  of  Faculties  of  whom  their  colleagues 
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could  not  possibly  have  spoken  in  just  those  terms.  Even  the 
resolutions  of  the  Board  of  Trustees  adopted  long  afterward,  on 
news  of  his  death,  after  a  life  of  much  distinction,  call  attention 
to  the  fact  tliat  while  a  Professor  at  the  University  he  had  not 
only  "shed  lustre  on  the  institution  l)y  the  variety  aiul  extent  of 
his  attainments"  hut  had  "secured  the  respect  and  regard  of  the 
students  and  of  tlie  Trustees." 

The  connection  with  the  University  whicli  liad  bef;un  in 
October,  1828  lasted  for  eight  years,  until  July  21,  183(5.  On  that 
day  he  was  elected  President  of  Girard  College  and  on  the  same 
day  resigned  in  a  letter  of  regret  his  professorship  in  the  Univer- 
sity. The  promptitude  of  this  resignation  was  due  to  his  desire 
that  the  Trustees  should  have  plenty  of  time  during  the  summer 
to  choose  his  successor.  It  was  accepted  at  a  special  meeting  of 
the  Board  two  days  later.  His  successor,  Lieutenant  Roswell 
Park,  was  elected  the  next  month  and  began  his  service  at  the 
University  in  September.  The  early  career  of  Roswell  Park  had 
been  curiously  similar  to  that  of  Bache.  He  had  entered  West 
Point  six  years  later,  like  Bache  graduated  at  the  head  of  his 
class,  joined  the  engineer  corps.  He  was  at  the  time  of  his  election 
to  the  University  engaged  on  work  on  the  Delaware  Breakwater. 
His  career  at  the  University  while  following  that  of  Bache  in  a 
general  way,  seems  to  have  been  colorless,  and  as  time  passed  on 
lie  turned  to  the  study  of  theology  and  in  July  1.S42  decided  to 
seek  ordination  and  resigned  his  position.  During  this  period  of 
six  years  Bache  had  been  engaged  in  etlucational  work  wliich  will 
be  described  by  anotlier  speaker.  This  work  had  now,  however, 
ceased  to  occupy  or  satisfy  him,  and  the  Trustees  of  the  Uni- 
versit}'  were  glad  to  reelect  him  to  his  old  position.  This  was  in 
August  1842.  I  do  not  find  anything  especially  characteristic  of 
this  second  period  of  his  connection  with  the  University.  It  came 
to  an  end  in  httle  more  than  a  year,  though  his  name  appears  in 
the  catalogues  of  both  1842-3  and  1843-4.  His  second  period  at 
the  University  had  hardly  begun  however  when  in  December,  1843 
he  was  appointed  head  of  the  United  States  Coast  Survey!  He 
was  embarrassed  at  leaving  the  University  at  a  time  so  incon- 
venient to  the  Trustees,  and  wrote  offering  to  hand  over  all  his 
lecture  notes  to  a  successor  or  to  serve  without  pay  till  a  successor 
was  found.  The  Trustees  decided  to  give  him  leave  of  absence 
without  pay  for  the  remainder  of  the  college  3  ear.    He  immediately 
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accepted  the  government  appointment  and  his  connection  with 
the  University  came  to  an  end  December,  1843. 

A  strict  interpretation  of  my  subject  would  bring  it  to  a  close 
at  this  point.  But  it  would  give  but  an  incorrect  impression  of 
the  life  of  Alexander  Dallas  Bache  while  he  was  connected  wdth 
the  University.  His  active  life  was  twofold;  he  had  scarcely  be- 
gun his  work  as  a  teacher  before  he  appeared  as  an  habitue  of 
these  rooms  and  those  of  the  Franklin  Institute  and  the  results 
of  his  research  in  various  aspects  of  nature  l)ep;an  to  appear  in 
their  journals.  He  was  elected  a  member  of  the  Philosophical 
Society  April  17,  1829,  but  six  months  after  he  had  come  to 
Philadelphia  as  a  teacher  in  the  I^niversity,  and  he  appears  as  an 
appointee  on  a  committee  of  the  Franklin  Institute  three  months 
later.  Like  his  great-grandfather  he  was  curious  about  all  physical 
phenomena.  Just  as  Benjamin  Franklin  utilized  whatever  time 
he  could  spare  from  his  printing  office,  his  duties  as  Postmaster, 
Clerk  of  the  Assembly  and  his  multitudinous  public  interests  to 
experiment  on  electricity,  the  spread  of  oil  on  water,  fireplaces, 
the  direction  of  storms  and  a  score  of  similar  subjects,  so  Bache 
escaped  from  his  teaching  and  secretarial  work  at  the  University 
to  make  observations  of  the  variations  of  the  compass,  the  periodic- 
ity of  meteors,  the  amount  of  rainfall  at  different  elevations  and 
in  a  dozen  other  forms  of  physical  phenomena.  He  published 
during  the  first  eight  years  of  his  service  at  the  University  thirty- 
four  papers  reporting  his  observations  on  such  subjects  while  the 
hfteen  others  published  during  the  years  from  183(5  to  1843  must 
have  been  drawn  largely  from  his  researches  during  his  teaching 
period  and  liis  studies  abroad.  I  have  no  intention  of  describing 
or  even  enumerating  these  papers  or  estimating  their  addition 
to  the  sum  of  human  knowledge.  This  is  the  task  of  those  who 
are  competent  to  do  so  and  to  whom  the  duty  has  been  assigned. 
I  would  like,  however,  to  draw  from  one  of  his  earliest  reports 
a  few  incidents  that  form  a  connecting  link  between  his  life  as  a 
teacher  and  as  a  scientific  observer.  This  report  was  read  before 
the  Philosophical  Society  November  16,  1832,  and  is  printed  in 
the  Transactions  of  November,  1832.  He  says  "During  the 
months  of  August  and  part  of  September  of  this  year  the  usual 
summer  vacation  of  the  University  permitted  my  a})sence  from  the 
city,  and  finding  myself  favorably  situated  for  meteorological 
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observations  I  undertook  to  observe  the  diurnal  fluctations  of  the 
barometer  and  ultimately  the  hourly  variations  of  the  horizontal 
needle."  The  "favorable  situation"  for  observation  he  describes 
later  as  "about  one  mile  from  the  village  of  Westchester,  in  Lati- 
tude ;^9°58'  and  in  Longitude  about  twenty-one  miles  northwest 
from  Philadelphia."  He  describes  with  meticulous  care  the  plat- 
form on  which  he  placed  his  instruments  "in  a  garden  more  than 
forty  feet  from  the  house  and  fifteen  feet  from  a  small  paling. 
The  garden  was  upon  the  side  of  a  hill,  the  ground  sloping  toward 
a  meadow;  a  hill  enclosed  this  gorge  both  on  the  east  and  the 
west;  behind  the  hill  the  sun  passed  about  eighteen  minutes  before 
the  time  of  setting."  Here  he  made  his  observations  from  August 
29th  to  September  8th.  As  the  University  then  closed  for  the 
summer  vacation  on  July  31st,  it  had  apparently  taken  him  a 
month  to  set  up  his  apparatus  and  prepare  for  his  daily  and  hourly 
observations.  In  these  he  had  the  help  of  his  pupil  and  ultimate 
successor  John  F.  Frazer  and  of  his  wife.  These  observations 
were  all  reported  to  the  Society  with  a  series  of  tables  and  graphs. 
However  little  these  mean  to  the  unscientific  reader,  I  like  to 
think  of  this  young  college  professor  hurrying  away  at  the  close 
of  the  term  to  the  Delaware  county  hills,  to  his  "garden  on  the 
side  of  a  hill,"  to  make  rigorous  observations  on  earth  magnetism. 

If  every  address  ought  to  have  a  thesis  as  well  as  a  subject, 
to  illustrate  some  proposition  as  well  as  give  some  information 
and  express  some  thought,  I  should  like  to  assert  here  my  convic- 
tion that  a  good  observer  is  apt  to  be  a  good  teacher,  and  trice 
versa.  The  opposite  statement  is  often  made.  This  is,  I  think,  a 
delusion.  Generally  speaking  the  same  qualities  of  intellectual 
curiosity,  mental  alertness  and  unflagging  industry  that  make 
the  good  research  man  also  make  the  good  teacher,  and  trice  versa. 
Of  this  I  have  long  been  convinced;  Alexander  Dallas  Bache  is 
a  good  example. 

Once  again,  long  afterwards,  the  story  of  Professor  Bachc's 
life  touches  the  University.  His  death  occurred  in  Newport, 
Rhode  Island,  February  17,  1867.  February  19  a  meeting  of  the 
scientific  and  learned  societies  of  Philadelphia  was  held  in  the 
chapel  of  the  University  at  which  a  committee  was  appointed  to 
arrange  for  paying  respect  to  his  remains  as  they  were  taken 
through  the  city  on  their  way  to  their  burial  in  Washington.  On 
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the  evening  of  the  same  day,  a  special  meeting  of  the  Philosophical 
Society  was  liekl  at  which  Mr.  Fralcy  reported  the  proceeding's 
of  the  meetiiip;  at  the  University.  The  use  of  thi.s  hall  was  tiiere- 
iipon  offered  to  the  committee  and  in  the  room  above  this  in  this 
biiildinji;  his  body  was  laid  in  order  that  citizens  of  his  native  city 
and  others  should  have  an  opportunity  to  pay  liim  honor.  At 
the  meeting  of  the  Trustees  of  the  University  of  March  o,  1867, 
the  expenses  incurred  at  his  funeral  were  ordered  paid  and  the 
resolutions  of  respect  already  quoted  were  ordered  to  be  drawn  up. 
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MERLE  M.  ODGERS 
President,  Qirard  College 

{Read  at  Oirard  CdUege,  Ftkruary  15,  1941,  in  CammemoraHon  cf  A.  D.  Bathe) 

It  is  a  great  privilege  and  pleasure  to  extend  to  this  distin- 
guished company  a  cordial  welcome  on  behalf  of  our  faculty  and 
the  members  of  our  Board. 

Truly  it  is  fitting  that  members  of  the  American  Philosophical 
Society  and  other  friends  of  science  should  foregather  at  Girard 
College  to  celebrate  the  establishment  here  a  century  ago  of  the 
first  magnetic  observatory  in  North  America.  You  may  already 
have  learned  from  your  program  what  the  observatory  looked  like. 

Several  decades  ago  a  new  Philadelphia  public  school  was 
named  for  Alexander  Dallas  Bache.  Sometime  later,  in  1898,  a 
portrait  of  Bache  was  presented  to  the  school  with  considerable 
ceremony.  One  of  the  speakers  on  this  occasion  was  Professor 
George  F.  Barker,  who  filled  the  chair  once  held  by  Bache  at  the 
University  of  Pennsylvania.  Referring  to  Bachc's  Magnetic  Ob- 
servatory at  Ciirard  College  Professor  Barker  said:  "Not  only  is 
there  no  trace  of  the  building  itself  or  any  of  its  parts  to  be  found 
within  the  walls  of  that  institution,  but  there  is  even  a  considernlilc 
difference  of  opinion  as  to  its  exact  location.  No  single  spot  in 
Philadelphia  surpasses  this  in  scientific  interest." 

Spurred  by  the  investigation  that  had  evidently  preceded  this 
statement,  the  Board  of  Directors  of  City  Trusts  met  on  the  same 
day  that  the  portrait  was  presented,  considered  "the  importance 
of  placing  a  suitable  tablet  to  locate"  the  Magnetic  Observatory, 
and  referred  the  matter  to  a  committee  with  power  to  act.  The 
tablet  could  not  be  placed.  Dr.  Adam  H.  Fetterolf,  who  was  at 
that  time  President  of  the  College,  reported  io  this  Committee 
that  no  definite  means  of  locating  the  site  had  been  discovered. 

A  month  later  Dr.  Fetterolf's  report  to  the  Committee  fur- 
nishes a  pleasant  commentary  on  the  value  of  human  testimony: 
"We  havp  not  yet  found  the  exact  location  of  Professor  l^ache's 
Magnetic  Observatory.  We  have  had  the  opinion  of  men  who 
were  employed  in  it,  of  men  who  as  College  boys  played  around 
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it,  and  of  others  equally  familiar  with  the  building,  and  they 
differ  widely  in  their  recollections  of  the  locality."  The  Com- 
mittee of  the  Board  reported  "progress,"  a  word  that  is  frequently 
a  forecast  that  nothing  will  happen,  and  action  was  postponed 
for  a  time.  Finally  the  matter  was  allowed  to  become  a  memor}-. 
Dr.  Mcllhatten,  the  Head  of  our  Mathematics  Department, 
recently  interested  the  Bureau  of  Surveys  of  the  City  of  Phila- 
delphia in  the  problem  of  locating  the  site  of  the  Observatory. 
Only  two  days  ago  I  learned  from  Dr.  Mcllhatten  that  this  Bureau 
and  the  United  States  Hydrographic  Bureau  were  in  agreement 
that  its  latitude  and  longitude,  as  given  in  Bache's  preface  to  the 
three  published  volumes  of  Observations,  w'ould  locate  the  Ob- 
servatory at  or  near  Stillman  and  Poplar  Streets,  just  southwest 
of  the  present  campus  and  outside  it  but  not  outside  the  south w^est 
corner  of  the  original  Peel  Hall  tract  on  which  the  Girard  Estate 
has  built  houses.  Bache  doubtless  tried  to  locate  his  Observatory 
far  from  the  proposed  school  site. 

I  spare  the  audience  a  detailed  description  of  the  wooden 
building  with  its  copper  nails,  its  brass  hinges,  its  complete  absence 
of  iron,  its  foot-thick  partitions  and  walls,  and  its  double  doors 
and  windows,  all  affording  protection  for  the  work  that  was  carried 
on  inside.  It  may  have  had  a  plebeian  appearance  but  its  origin 
was  patrician;  for  it  was  designed,  according  to  the  report  of  the 
stated  meeting  of  September  20,  1839,  of  the  American  Philo- 
sophical Society,  by  none  other  than  Thomas  U.  Walter,  who 
was  elected  a  memf)er  of  the  Society  the  following  month.  This 
young  jnan,  like  his  friend  Bache,  distinguished  himself  early  in 
his  career,  designing  at  the  age  of  twenty-nine  the  great  Corinthian 
structure  that  has  long  symbolized  Girard  College.  When  its 
glory  departed,  the  01)servatory  returned  to  the  care  of  the 
carpenter  who  had  built  it.  He  moved  it  to  another  site,  used 
it  as  a  shop,  and  later  razed  it. 

Bache  was  graduated  from  West  Point  at  the  head  of  his  class 
on  July  1,  182.^,  when  he  was  not  quite  19  years  of  age.  For  a 
year  after  he  had  become  an  army  officer  he  remained  at  the 
Academy  and  had  his  first  teaching  experience  as  an  assistant  in 
engineering.  Following  this  he  was  transferred  at  his  own  request 
to  engineering  service  under  General  J.  G.  Totten  at  Newport, 
Rhode  Island,  where  he  met  his  bride.  In  September,  1828,  he 
was  elected  Professor  of  Natural  Philosophy  and  Chemistry  at 
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the  University  of  Pennsylvania.  Wlien  he  assumed  his  professor- 
sliip  the  following  month,  he  was  only  twenty-two  years  of  age; 
Vjut  he  had  entered  and  had  left  an  honoral)le  profession,  he  had 
taught  a  year,  he  had  had  two  years  of  field  experience,  he  had 
begun  his  career  as  a  researcher,  and  on  the  strength  of  his  new 
I)osition  he  had  married. 

For  almost  eight  years  Bache  remained  at  the  University,  con- 
tributing articles  on  scientific  subjects  to  several  journals  and 
taking  an  active  part  in  the  affairs  of  the  American  Philosophical 
Society  and  of  the  more  recently  organized  Franklin  Institute. 
In  1833  he  had  been  elected  one  of  the  Trustees  of  Girard  College, 
for  which  provision  had  been  made  in  the  will  of  the  French-bom 
humanitarian,  Stephen  Girard.  This  association  led  on  his  thir- 
tieth birthday,  July  19,  1836,  to  his  unanimous  election  by  his 
fellow  trustees  as  the  first  President  of  the  College.  At  the  same 
time  the  Board  instructed  him  to  make  an  unhurried  trip  to 
Europe  to  examine  and  report  upon  educational  institutions  abroad 
in  order  that  he  might  have  "useful  information"  at  hand  in  his 
organization  of  the  new  school. 

In  his  letter  conveying  to  Bache  the  instructions  of  the  Board 
Nicholas  Biddle,  its  chairman,  had  set  no  limit  to  his  stay  in 
Europe.  He  says:  "It  is  tliis  anxiety  that  your  investigation 
should  be  complete,  which  induces  them  not  to  fix  at  present  any 
period  for  your  return.  .  .  .  While,  therefore,  they  are  very  anx- 
ious to  open  the  College  with  the  least  possible  delay,  they  deem 
it  so  much  more  important  to  begin  well  than  to  begin  soon,  that 
they  postpone  naming  any  limit  to  your  stay  in  Europe,  until  you 
are  able  to  apprize  them  of  your  progress."  Little  did  either 
Biddle  or  Bache  realize  in  the  fall  of  1836  that  for  a  variety  of 
reasons  it  would  be  over  eleven  }'ears  before  Girard  College  would 
be  oi>ened. 

It  may  well  be  that  both  as  a  scientist  and  as  an  educator 
Baclie's  work  and  Bache  himself,  because  of  the  admiration  felt 
for  his  great  ancestor,  w^ere  received  in  Europe  with  more  attention 
than  even  his  scholarship  and  personality  merited.  In  (lermany, 
for  example,  he  visited  an  elderly  scholar,  who  greeted  him  with 
an  embrace,  kissed  him  on  either  cheek,  and  exclaimed,  "Mein 
Gott,  now  let  me  die,  since  I  have  lived  to  see  with  mine  own  eyes 
an  emanation  of  the  great  Franklin!" 

What  a  boon  it  would  be  today  to  those  engaged  in  educational 
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surveys  if  they  were  able  to  follow  out  the  instructions  of  Bache's 
Board  ''to  domesticate  yourself,  if  practicable,  in  these  institu- 
tions"! He  left  America  in  September  1836,  studied  more  than 
278  schools  in  the  British  Isles,  France,  Germany,  Austria,  Switzer- 
land, Belgium,  Holland,  and  Italy,  and  returned  in  October  1838. 
In  the  following  winter  he  completed  the  writing  of  his  monumental 
"Report  on  Education  in  Europe"  and  published  it  in  the  spring  of 
1839.  No  one  could  have  made  the  study  of  European  education 
under  more  favorable  circumstances.  Bache  produced  a  report 
that  was  a  masterpiece  of  educational  research  and  compilation. 
A  century  later  it  is  difficult  to  evaluate  what  effect,  if  any,  it  had 
upon  American  education  at  the  time  it  was  published.  Shortly 
after  Bache^s  death  Professor  Joseph  Henry,  looking  back  almost 
four  decades,  said  of  the  book:  ''It  has  done  more,  perhaps,  to 
improve  the  theory  and  art  of  education  in  this  country  than  any 
other  work  ever  published;  and  it  has  effected  this  not  alone  by 
the  statement  of  facts  derived  from  observation,  but  also  by  the 
inferences  and  suggestions  with  which  it  abounds.'* 

Bache  was  well  aware  that  Mr.  Girard  had  "intended  no 
ordinary  Orphan  Asylum  to  be  created  with  the  immense  fund 
which  his  liberality  intrusted  to  the  authorities  of  the  city" 
{Report  on  Education  in  Europe,  p.  2)  and  that  tlie  founder  liad 
furnished  the  trustees,  to  quote  from  the  conchision  of  the  Report, 
with  "the  means  of  establishing  a  series  of  model  schools  for 
moral,  intellectual,  and  physical  education,  embracing  the  period 
of  life  from  early  youth  almost  to  manhood,  the  importance  of 
which  to  our  city,  and  even  to  the  country  at  large,  can  hardly  be 
estimated"  (id.,  p.  606).  But  Bache  was  a  man  of  energy  and  the 
long  delay  in  opening  Girard  College  made  him  restless  and  eager 
to  put  his  talents  to  work. 

In  October,  1838,  the  month  of  Bache's  return  from  Europe, 
the  Central  High  School  of  Philadelphia,  the  first  American  public 
high  school  outside  the  New  England  states,  had  been  opened 
with  four  professors  and  sixty-three  students  but  no  head.  Here 
Bache  saw  his  opportunity  to  be  of  service  and  to  organize  a 
school  under  the  principles  that  he  had  so  recently  formulated. 
The  buildings  at  Girard  College  w^ere  far  from  being  ready,  and 
though  his  salary  W'as  continued  lie  had  l)Ut  little  work  to  do.  By 
obtaining  the  headship  of  the  new  school  he  could  try  out  his  ideas. 
In  November  of  the  next  year,  1839,  Bache  was  elected  the  first 
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President  of  the  Central  High  School,  at  the  same  time  assuming 
a  kind  of  superintendency  of  all  the  public  schools  of  the  city. 

Bache  continued  to  use  the  facilities  of  the  College  for  several 
years  after  he  actually  severed  his  official  connection  with  it,  for 
the  magnetic  observations  were  made  here  from  1840  to  1845, 
though  it  is  to  be  noted  that  from  Bache's  removal  from  Phila- 
delphia in  December,  1843,  they  were  under  the  direction  of 
Professor  John  F.  Frazer,  who  had  been  a  student  of  Bache,  a 
fellow  worker  in  many  of  his  scientific  studies,  a  colleague  on  the 
facility  of  the  Central  High  School,  and  finally  his  successor  on  the 
faculty  of  the  University  when  Bache  entered  the  Coast  Survey. 

Bache  spent  three  years  in  the  public  schools  of  Philadelphia, 
most  of  his  time  being  devoted  to  the  Central  High  School  which 
he  completely  organized.  As  was  to  be  expected,  its  curricula 
placed  emphasis  upon  the  scien(;es  and  training  in  the  vernacular. 
Expensive  scientific  equipment  was  purchased,  especially  for  the 
astronomical  observatory.  Several  years  ago  Dr.  Cheesman  A. 
Herrick,  who  WTote  the  "History  of  Girard  College"  while  serving 
as  its  president,  said:  "While  Bache  did  not  work  out  in  detail  the 
educational  scheme  for  Girard  College,  we  may  accept  the  plan 
which  he  did  work  out  for  the  Central  High  School  as  an  indication 
of  what  he  would  have  done,  had  he  actually  begun  the  work  at 
the  College.  .  .  .  Bache's  influence  on  the  Central  High  School 
has  continued  even  to  the  present." 

Dr.  Robert  Ellis  Thompson,  President  of  the  Central  High 
School  from  1894  to  1920,  says  in  an  unpublished  history  of  the 
school  that  Bache  gave  it  character.  "His  influence  upon  the 
School,"  observes  Thompson,  "corresponded  to  his  hearty,  cheer- 
ful, courageous  English  temperament.  .  .  .  He  illustrated  the 
qualities  he  sought  to  foster.  .  .  .  He  was  loyal  to  West  Point, 
and  tried  to  convey  to  the  School  what  good  he  had  found  there. 
He  would  have  her  graduates  loyal  to  the  Central  High  School, 
and  advised  them  to  form  an  association  of  her  alumni,  to  keep 
her  spirit  alive  in  them  by  yearly  meetings  and  addresses.  In 
later  years  he  constantly  labored  for  her  welfare,  and  in  1859  he 
delivered  one  of  the  annual  addresses  before  the  Alumni."  Many 
years  later  the  Associated  Alumni  of  the  High  School  commemo- 
rated Bache  by  endowing  the  Alexander  Dallas  Bache  Physics 
Prize  which  consists  of  a  substantial  sum  awarded  to  the  member 
of  each  graduating  class  "whose  average  in  physics  shall  be  the 
highest." 


166 


MERLE  M.  ODGERS 


On  July  14,  1842,  Bache  presided  at  the  first  commencement 
of  the  school,  and  this  was  his  last  official  appearance  as  its  head. 
In  the  autumn  of  that  year  he  returned  to  the  University  of 
Pennsylvania  and  to  his  former  chair  as  Professor  of  Natural 
Philosophy  and  Chemistry,  in  which  he  remained  for  but  little 
more  than  a  year.  In  the  latter  part  of  1843  he  accepted  the  post 
of  Superintendent  of  the  United  States  Coast  Survey  and  his 
formal  career  as  an  educator  thus  ended  at  t  lie  age  of  thirty-sevcii. 

One  of  liis  achnirers,  Henry,  says  that  in  his  Philadelphia  days 
he  was  able  to  carry  his  regular  duties,  his  research  studies,  and  his 
committee  work  in  the  learned  societies  ''l)v  a  division  of  his  time 
into  separate  periods,  to  each  of  which  was  allotted  its  special 
occupation."  Of  Bache's  University  classroom  work  Henry  says: 
"He  w^as  a  zealous  and  successful  teacher,  to  whom  the  imparting 
of  knowledge  was  a  source  of  unalloyed  and  inexhaustible  pleasure. 
His  pupils  could  not  fail  to  be  favorably  impressed  by  his  en- 
thusiasm and  influenced  by  his  kindness.  He  always  manifested 
an  interest  not  only  in  their  proficiency  in  study,  but  also  in  their 
general  welfare.  They  regarded  him  with  affection  as  well  as 
respect,  and  while  in  other  classrooms  of  the  university  disorder 
and  insubordination  occasionally  annoyed  the  teachers,  nothing 
was  to  be  witnessed  in  his,  but  earnest  attention  and  gentlemanly 
deportment.  His  success  as  an  instructor  affords  a  striking  con- 
futation of  the  fallacy  which  has  not  unfrequently  been  advocated 
in  certain  quarters,  that  men  devoted  to  original  research  and 
imbued  with  habits  of  mind  which  it  generates  are  not  well  qualified 
for  the  office  of  instructors." 

As  a  good  teacher  Bache  believed  in  the  importance  of  good 
organization  in  a  school.  Referring  in  his  Report  {Report  on 
Education  in  Europe,  p.  84)  to  an  institution  in  Hamburg,  he  says: 
"An  efficient  teaclier  may  supply  manj^  deficiencies  in  a  plan,  but 
there  are  some  cases,  of  which  this  is  one,  in  which  a  defective 
organization  places  the  remedy  beyond  the  teacher's  reach."  It 
would  appear  that  Bache,  despite  his  experience  in  the  immediate 
past  as  a  university  teacher,  was  capable  of  giving  unusual  atten- 
tion to  detail  when  he  went  on  his  educational  mission  though  the 
foreign  schools  that  he  examined  were  on  the  elementary  and 
secondary  levels.  Occasionally  the  details  are  so  full  as  to  be 
humorous,  as  when  he  mentions  the  fact  that  at  one  school  the 
nine  female  servants  have  as  one  of  their  tasks  "washing  the  feet 
of  all  the  boys  once  a  week"  (id.,  p.  17). 
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Bache  knew  that  his  Report  could  have  a  large  usefulness. 

"If  this  account,"  he  says  (id.,  p.  154),  "should  further  contribute 
to  awaken  attention  in  our  schools  to  improvements  which  have 
been  introduced  abroad,  I  am  sure  that  the  trustees  of  the  Clirard 
College  will  feel  gratified  at  this  useful  result  of  their  measures." 
Analogies  to  the  (iirard  College  to  be  established  under  the  (lirard 
Will  must  have  suggested  themselves:  the  avowed  purpose  of  a 
school  ill  Berlin  that  "not  mere  words  should  be  taught  to  the 
pupils,  l)ut  realities,  explanations  being  made  to  tliem  from  nature, 
from  models  and  plans,  and  of  subjects  calcuhited  to  be  useful  in 
after  life"  (as  quoted  in  the  Report,  p.  517)  must  have  recalled  to 
Bache  the  words  of  Girard:  "I  would  have  them  taught  facts  and 
things,  rather  than  words  or  signs."  Bache's  eye  from  1836  to 
1838  was  always  upon  the  Girard  College  of  the  future  (e.g,,  id.f 
pp.  65,  149)  with  the  thought  that  "we  must  raise  our  system  upon 
the  basis  of  the  successful  experiments  of  others,  unless  we  would 
encounter  the  vexations  incident  to  the  acquisition  of  experience 
by  our  own  failures"  (id.,  p.  170).  "The  trustees  of  the  College," 
he  comments  (id.,  p.  606),  ''have  appealed  to  the  experience  of 
Europe  to  furnish  data  necessarily  wanting  in  a  new  country, 
and  it  remains  for  them  to  apply  the  experimental  deductions  thus 
obtained  from  the  old  world  with  the  vigour  characteristic  of  the 
new." 

By  nature  Bache  was  forward-looking  and  interested  in  educa- 
tional experiments,  new  methods,  and  fuller  attention  to  some 
neglected  features  of  education,  such  as  the  playground  that  he 
calls  the  "uncovered  school."  Yet  he  recognized  "the  odium 
usually  attaching  to  innovation"  (id.,  p.  365)  and  resented  the 
fact  "that  what  is  an  established  system  in  one  country,  should 
by  many  be  considered  as  an  innovation  of  doubtful  expediency" 
in  another  (id.,  pp.  416,  605). 

like  Quintilian  and  many  other  educators  through  the  cen- 
turies, Bache  made  a  strong  point  of  individual  differences  and 
felt  that  differentiated  curricula  should  be  provided  (id.,  p.  270), 
that  ''different  trains  of  instruction"  should  be  pursued  according 
to  the  students'  "mental  development  and  probable  piu^uits  in 
after  life"  (id.,  pp.  42-43),  and  that  "different  kinds  of  education 
are  suited  to  different  objects  in  life"  (id.,  p.  523).  Along  with 
others  he  anticipated  questions  of  guidance  {id.,  pp.  379,  409,  658), 
the  phase  of  education  in  which  the  individual  approacli  is  em- 
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phasized.  He  favored  as  a  substitute  for  the  formal  report  to 
parents  a  written  statement  of  progress  and  conduct  of  the  "anec- 
dotal report"  type  that  he  found  in  a  school  in  Berlin  (id.,  p.  248). 
He  thought  that  the  test  by  which  schools  are  judged  on  the 
college  success  of  their  graduates  was  "essentially  defective"  (id., 
p.  374)  and  also  opposed  the  measurement  of  a  school's  worth  by 
the  conspicuous  success  of  a  few  distinguished  alumni  (id.,  p.  373). 

Since  Baclie  was  interested  in  the  individual  approach  lie 
would,  of  course,  oppose  the  system  of  mass  education  or  mutual 
instruction  associated  with  the  names  Lancastrian,  Bell,  and 
Madras  (id.,  pp.  51,  94,  171,  175,  182,  194,  196,  206)  and  he  con- 
sidered this  type  of  instruction  "a  very  unadvanced  grade  of 
public  education"  that  was  inexpensive  but  desirable  only  where 
nothing  better  was  possible.  He  thought  monitorial  systems 
were  doomed  to  have  only  limited  success.  He  also  opposed 
advanced  forms  of  student  self-government  (id.,  pp.  394,  413), 
though  he  felt  that  boys  must  be  made  to  assume  responsibility 
w^ithin  reasonable  limits  (id.,  p.  78)  and  endorsed  the  performance 
of  chores  by  students  (id.,  pp.  31,  55)  referred  to  in  our  day  as 
the  self-help  plan. 

The  inescapable  problem  of  discipline  challenged  his  attention, 
to  be  sure.  Bache  thought  that  it  ought  to  be  based  on  "the 
Christian  law  of  love  ...  in  school,  if  we  would  have  it  practised 
in  society."  He  disapproved  of  the  fagging  system  and  the 
demerit  system,  used  "mild"  as  a  word  of  commendation  in  relation 
to  discipline,  and  disliked  useless  regimentation  (id.,  pp.  28,  76, 
118,  131,  139,  187,  262-3,  394,  507).  In  his  Report  to  the  Com- 
mittee of  Controllers  of  the  Public  Schools  on  the  Organization 
of  a  High  School  for  Girls,  he  sums  up  (pp.  9,  10)  his  attitude 
toward  discipline:  ''The  authority  of  the  teacher  being  a  portion 
of  that  of  the  parent,  and  delegated  for  the  time  being  to  him,  the 
parental  relation  should,  as  far  as  possible,  exist  in  a  school." 

Bachc's  ideas  of  moral  education  w'ere  also  in  line  with  those 
expressed  in  the  Will  of  Stephen  Girard  (e.g.,  Report  on  Kducation, 
in  Europe,  pp.  128,  165,  188,  402,  403,  514).  In  moral  education 
and  in  the  more  formal  Biblical  instruction  Bache  searched  for 
whatever  might  be  best  adapted  in  Girard  College.  In  Holland 
he  found  "an  important  experiment  in  communicating  religious 
without  sectarian  instruction"  (id.,  p.  171;  also  pp.  88,  160,  180, 
214-5),  which  he  would  doubtless  have  employed  had  circum- 
stances permitted. 
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In  discussing  a  school  in  Berlin  Bache  says:  "The  methods  of 
instruction  in  this  school  are,  in  general,  most  excellent,  and  I 
was  particularly  struck  with  the  small  number  of  text-books 
employed.  This  is  not  peculiar,  however,  to  this  establishment, 
but  is  a  feature  in  every  good  school  in  Germany.  The  master 
is  expected  to  be  so  fully  imbued  with  his  subject,  and  expert 
in  his  art,  as  to  be  able  to  impart  knowledge  principally  orally  to 
his  pupils,  and  in  such  a  way  as  to  adapt  it  to  each  individual" 
(id.,  p.  241).  Bache  admired  the  German  schools  of  a  century 
ago.  He  liked  their  well-developed  interest  in  scientific  study, 
their  program  and  methods  of  instruction,  and  their  disciplinary 
sjrstems.  The  gymnasia  were  apparently  not  strongly  regimented, 
and  the  supposed  defects  of  their  teachers  (id.,  pp.  4^0-1)  are 
interestingly  enough  the  defects  that  are  charged  today  against 
American  college  and  university  teachers. 

Tliough  the  training  of  young  children  was  foreign  to  his  own 
earlier  career,  Bache  found  great  interest  in  "infant  schools," 
the  best  of  which  were  at  Glasgow,  Edinburgh,  and  London  {id., 
p.  159),  and  in  elementary  schools,  which  in  Great  Britain  strangely 
enough  were  inferior  to  those  in  Germany  and  elsewhere  (irf.,  p. 
170).  At  all  events,  Bache  realized  the  large  importance  of 
elementary  education  {id.,  p.  64;  also  pp.  154,  157,  164,  197,  293, 
302).  He  was  aware  of  the  forces  at  work  in  this  field,  especially 
Pestalozzi  {id.,  pp.  94,  211,  213-4,  234,  287,  325,  360-1,  403),  and 
he  sought  up-to-date  elementary  methods  (id.,  p.  105). 

So  far  as  Latin  and  Greek  and  higher  mathematics  as  the  core 
of  all  secondary  education  were  concerned,  Bache  was  skeptical, 
saying:  **I  am  far  from  being  one  of  those  who  undervalue  classical 
culture,  but  I  am  convinced  that  to  be  at  all  effective  it  must  be 
thorough,  that  it  cannot  })e  thorough  when  the  instruction  is 
terminated  at  an  early  age,  and  that  there  are  certain  minds  very 
little  or  not  at  all  improvable  by  language,  as  there  are  others 
similarly  related  to  mathematical  studies"  {id.,  p.  22).  He 
thought  "the  amount  of  intellectual  culture  to  be  gained  by  the 
exercises  of  arithmetic  and  algebra  ...  to  be  undervalued" 
{id.,  p.  387)  but  the  aptitude  and  tlie  probable  future  career  of 
the  student  had  to  be  studied  l)efore  he  should  consider  entering 
Upon  higher  mathematics.  In  believing  that  a  modernized  classi- 
cal course  was  needed,  and  that  "the  exclusion  of  all,  or  nearly 
all,  that  characterizes  modern  civilization,  brings  discredit  upon 


Copyrighted  material 


170 


MERLE  M.  ODGERS 


the  -system,  and  the  worst  foes  of  the  legitimate  use  of  classical 
culture  are  those  who  profess  to  be  its  best  friends"  (id.,  p.  400), — 
in  believing  this,  he  saw  eye  to  eye  with  Thomas  Arnold. 

The  Report,  written  just  a  hundred  and  two  \'ears  ago  and 
picturing  education  at  that  time,  reveals  what  great  changes  in 
curricula  and  subject  syllabi  a  fast-moving  century  has  brought 
about.  This  can  be  traced  in  the  history  of  the  C.'entral  High 
School,  though  I  shall  mention  only  the  matter  of  choice  of  courses. 
Bache  had  given  Central  a  choice  of  three  courses,  and  even  this 
arrangement  probably  represented  a  compromise  with  his  plans. 
"It  was  not  so  much  what  he  wanted,  as  what  he  saw  he  could 
get,"  says  Dr.  Thompson.  The  latter  states  that  in  succeeding 
presidencies  the  school  sank  "into  a  uniformity  of  curriculum 
which  compelled  every  student  to  take  the  same  course."  This 
uniformity  ended  with  Dr.  Thompson's  predecessor,  Henry  Clark 
Johnson,  who  was  President  from  1888  to  1893.  Johnson's  plan 
gave  five  choices.  This  liberality  of  selection  was  doubtless  the 
main  reason  for  Johnson's  administration's  being  ''regarded  as  a 
period  of  sweeping  innovations  which  threatened  the  historical 
identity  of  the  school.  As  a  matter  of  fact,  the  changes  made  in 
his  term  were  chiefly  of  restoration  of  what  had  l)een  established 
by  Professor  A.  Dallas  Bache  in  the  beghining."  Truly  Bache 
"gave  character  to  the  High  School." 

In  passing,  it  is  interesting  to  note  that  at  Central  Bache  had 
built  up  a  scliool  library  of  over  one  thousand  volumes,  certainly 
one  of  the  earliest  and  one  of  tlie  largest  school  libraries  of  a 
century  ago.  Bache  had  previously  built  up  for  Girard  College 
a  library  of  the  same  size.  It  is  a  pity,  indeed,  that  circumstances 
did  not  permit  him  to  leave  his  influence  upon  Girard  College.  If 
the  civic  authorities  and  more  members  of  its  early  boards  of 
control  had  had  the  cosmopolitan  spirit  and  the  broad  vision  of 
Bache,  a  spirit  and  a  vision  that  Girard  himself  would  have  ap- 
plauded, Girard  College  would  not  have  waited  a  half  century 
to  take  its  rightful  place  among  America's  great  schools  and  it 
would  long  have  enjoyed  a  wide  reputation  commensurate  with 
its  size  and  resources  and  the  importance  of  its  work. 

When  Bache's  name  was  urged  upon  the  Secretary  of  the 
Treasury  for  appointment  to  tlie  vacant  Superintendency  of  the 
Coast  Survey,  the  Secretary  thought  that  lie  was  witliout  adminis- 
trative ability  and  referred  to  him  as  a  "mere  college  professor." 
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In  a  few  nioiith.s  following  Bacho'.s  appointment,  the  Secretary 
bad  completely  changed  his  tune  and  had  liecome  his  firm  friend 
and  supporter.  Bache  was  young  in  years  l)ut  not  in  experience 
or  in  the  depth  and  breadth  of  his  thinking.  The  same  qualities 
that  made  him  a  successful  university  teacher,  a  profound  student 
of  current  education,  an  organizer  and  administrator  of  recognized 
ability  in  the  public  schools,  a  leader  in  scientific  societies,  and  a 
distinguished  researcher  in  the  physical  sciences  led  him  to  develop 
his  associates  as  an  understanding  educator  w^ould  and  with  them 
to  make  the  Coast  Survey  a  department  of  marked  distinction. 

One  of  his  associates  in  the  American  Association  for  the 
Advancement  of  Science,  Benjamin  Apthorp  Gould,  speaks  of 
Bache's  ^'keen  appreciation  of  humor,  his  love  of  pleasantry  and 
jest,  and  his  social  geniality.  ...  He  knew  the  secret  of  obtain- 
ing work  from  his  subordinates,  by  doing  more  than  they  did." 
He  worked  with  each  investigator,  ''stimulating  his  zeal,  encourag- 
ing his  hope,  suggesting  new  ideas  or  infusing  needful  caution." 
Could  anything  better  be  said  of  a  man  who  was  both  scientist 
and  humanitarian  than  was  said  of  Bache  by  Gould:  "He  had 
studied  men  ...  as  he  would  study  physical  phenomena." 


ALEXANDER  DALLAS  BACHE  AS  SUPERINTENDENT  OF 
UNITED  STATES  COAST  SURVEY  1843-1867 


REAR  ADMIRAL  LEO  OTIS  COLBERT 
Director,  United  States  Ck>ast  and  Geodetic  Survey 

{Read  Febnuiry  1 4,  li)^^,  in  Commemoration  oj  A.  D.  Bache) 

If  "Professor"  Bache — as  he  appears  to  have  been  generally 
called  by  his  contemporaries — could  return  today  he  would 
doubtless  be  amazed  by  some  of  the  latest  methods  of  the  Coast 
and  Geodetic  Survey,  such  as  echo  sounding  and  radio  acoustic 
ranging,  but  he  could  rightly  feel  that  these  and  many  other 
similar  developments  were  only  tlie  logical  outcome  of  the  work 
started  by  him  almost  a  century  ago.  His  readiness  to  investigate 
and  adopt  new  methods  was  perhaps  his  outstanding  character- 
istic, and  one  of  the  principal  reasons  for  his  success  in  the  early 
stages  of  applied  science  in  this  country. 

Originally  recommended  to  Congress  by  Thomas  Jefferson  in 
1807,  the  Coast  Survey  was  not  put  into  effective  operation  until 
1832,  under  its  first  superintendent,  Ferdinand  R.  Hassler.  Nu- 
merous causes  led  to  the  adoption  of  an  act  completely  reorganizing 
the  Survey  in  March  1843,  and  upon  the  death  of  Hassler  which 
occurred  that  same  year  it  was  Alexander  Dallas  Bache  who  was 
called  upon  to  carry  out  the  purposes  of  this  Act,  and  to  place  the 
Survey  upon  a  sound  and  steadily  expanding  basis. 

It  was  natural  to  look  to  Philadelphia  and  particularly  to 
select  a  descendent  of  Benjamin  Franklin  for  this  task.  According 
to  Joseph  Henry's  eulog}'  of  liache,  his  appointment  was  first 
suggested  by  the  American  Philosophical  Society,  and  it  im- 
mediately gained  the  support  of  the  army  (Bache  was  a  graduate 
of  West  Point),  of  man\'  educators,  and  of  scientific  institutions. 
Bache  himself  is  said  to  have  taken  no  part  in  securing  tlie  ap- 
pointment, for  while  it  opened  a  wider  field  for  the  exercise  of 
talent  and  the  acquisition  of  an  enviable  reputation,  it  also  in- 
volved difficulties  and  responsi])ilities  of  the  gravest  character. 
Ill  the  words  of  Joseph  Henry,  "it  would  appear  as  if  the  training 
and  acquisition  of  every  period  of  his  life  had  been  especially 
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ordained  to  fit  him  in  every  respect  to  the  difficulties  of  this 
position.  Besides  the  qualities  we  have  enumerated,  he  possessed 
rare  executive  ability,  which  enabled  him  to  govern  and  guide 
the  diverse  elements  of  the  vast  undertaking  with  consummate 
tact  and  skill.  Quick  to  perceive  and  acknowledge  merit  in 
others,  he  rapidly  gathered  around  him  a  corps  of  men  eminently 
well  qualified  for  the  execution  of  the  tasks  which  he  severally 
assigned  them."*  ' 

Since,  then,  only  a  begiiming  had  been  made  under  hi.s  pre- 
decessor— although  a  beginning  which  Bache  himself  repeatedly 
acknowledged  as  having  laid  the  foundation  of  the  work — it  was 
Bache  who  built  up  the  Siu'vey  on  that  foundation,  and  led  it 
steadily  through  the  formative  years  when  there  was  at  times 
much  opposition  to  it,  and  many  attacks  were  made  in  Congress 
upon  its  usefulness  and  desirability. 

The  survey  of  the  coasts  accomplished  up  to  1844  extended 
only  from  New  York  Harbor  to  Point  Judith  in  Rhode  Island, 
and  southward  to  Cape  Henlopen.  Bache's  first  major  move  was 
to  divide  up  the  entire  coast  line  into  sections,  in  each  of  which 
the  essential  operations  were  to  be  performed  simultaneously  by 
separate  parties.  Apart  from  the  merit  of  this  plan  for  the 
accomplishment  of  the  work,  it  also  possessed  the  great  advantage 
of  gaining  support  from  all  sections  of  the  country  along  the 
coast,  and  at  times  when  the  Survey  was  under  attack  in  Congress 
it  was  often  the  Senators  and  Representatives  from  the  southern 
states  who  were  its  strongest  supporters  and  advocates — a  notable 
example  being  Jefferson  Davis,  while  Senator  from  Mississippi  in 
1849.  From  operations  in  9  states  in  1844,  the  work  was  expanded 
to  16  states  in  1845,  while  in  1848  parties  worked  in  every  state 
on  the  Atlantic  and  Gulf  of  Mexico,  and  that  same  year  the  first 
party  set  out  with  instruments  on  the  long  journey  to  the  Pacific 
coast.  Bache's  administration  thus  saw  the  extension  of  the 
coastal  surveys  from  the  original  small  nucleus  to  newly  acquired 
Texas  and  the  western  coast,  while  the  purchase  of  Alaska  took 
place  in  the  year  of  his  death.  He  is  reported  to  have  been  in 
the  habit  of  answering  the  question,  often  propounded  to  him  by 
members  of  Congress,  "When  will  this  survey  be  completed?" 
by  asking  them  in  turn,  "When  will  you  cease  annexing  new 
territory?" 

The  great  financial  upheaval  of  1857  led  to  economy  in  govern- 
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ment  expenditures,  and  in  his  report  for  1858  Bache  gave  some 
interesting  figures  to  justify  the  continuation  of  the  Survey. 
From  1843  to  the  middle  of  1857,  the  total  cost  was  less  than 
$4,250,000;  appropriations  had  increased  two-fold,  but  work 

executed  liad  increased  three-fold;  the  personnel  in  the  Coast 
Survey  was  only  G/lOths  the  number  in  the  English  Survey.  The 
president  of  the  Royal  (Geographical  Society  of  London  stated  in 
1850:  *'I  have  studied  the  question  closely,  and  do  not  hesitate 
to  pronounce  the  conviction,  that  though  the  Americans  were  last 
in  the  field,  they  have  leaped  into  the  very  first  rank."  A  year 
later  the  same  president  speaks  of  the  work  of  the  Survey  as  ''one 
of  the  most  perfect  exemplifications  of  applied  science  in  modern 
times." 

The  annual  report  for  1859  contains  the  report  of  the  "Com- 
mittee of  Twenty"  of  the  A.  A.  A.  S.,  appointed  in  1857  to  examine 
into  the  character  and  progress  of  the  Coast  Survey.  The  mem- 
bership of  this  committee  is  a  roster  of  the  most  distinguished 
educators  and  scientists  of  the  period,  and  its  twelve  conclusions 
were  in  the  main  highly  laudatory  of  the  work  accomplished  by 
the  Survey,  as  will  be  seen  from  the  following  excerpts: 

Their  scientific  value  is  witnessed,  in  the  instance  of  the  American 
Survey,  by  the  spontaneous  tributes  of  approval  frequently  and  freely 
bestowed  upon  it — no  less  in  regard  to  tlie  ability,  energy  and  skill 
displayed  in  its  management  than  to  the  magnitude,  variety  and  often- 
times curious  interest  of  the  results  it  has  wrought  out — by  individuals 
and  organized  bodies  of  men  whose  high  position  as  scientific  authorities 
renders  their  opinions  upon  subjects  of  this  nature  entirely  conclusive. 

This  work  has  conferred  many  valuable  benefits  upon  science, 
indirectly  and  incidentally,  in  the  invention  or  perfection  of  instruments, 
in  the  improvement  of  methods  of  observation  or  computation,  in  the 
development  which  it  has  given  to  special  subjects  of  interesting  inquiry, 
and  in  the  stimulus  which  it  has  furnished  to  the  scientific  talent  of  the 
country,  especially  in  the  field  of  astronomical  observation  and  in- 
vestigation. 

A  careful  study  of  the  progress  made  from  year  to  year,  especially 
since  the  enlargement  of  the  scale  of  operations  under  the  present  Super- 
intendent, affords  ample  evidence  that  the  work  has  been  expeditiously 
prosecuted,  and  that  the  amount  accomplished  up  to  tho.  present  date 
is  materially  greater  than  has  ever  been  accomplished  in  any  other 
country  in  the  same  length  of  time  and  with  the  same  means. 

So  much  for  the  broad  lines  of  the  growtli  and  expansion  of  the 
Coast  Survey  under  Professor  Bache  from  1843  to  1805.  During 
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the  last  two  years  of  his  incumbency,  while  he  was  still  nominally 
Superintendent,  until  his  death  on  February  17,  1867,  the  work 
was  in  charge  of  J.  E.  Hilgard,  who  later  became  Superintendent 

in  1881.  During  these  two  years  Professor  Bache  endeavored  to 
regain  his  health,  and  spent  some  18  months  in  Europe  but  without 
success. 

Baclie  liad  the  same  type  of  inquiring  mind  possessed  by  his 
very  distinguislied  great-grandfatlier,  but  at  the  same  time  was 
critical  and  sound  in  judgment,  and  is  credited  by  Joseph  Ileniy 
with  having  saved  the  Government  several  million  dollars  by  Ids 
work  on  a  Civil  War  committee  charged  with  the  examination  of 
newly  proposed  inventions  and  projects  to  improve  the  art  of 
war,  ''by  preventing  the  adoption  of  plausible  though  impracti- 
cable propositions  from  which  nothing  but  failure  and  loss  could 
have  resulted." 

Some  of  the  special  fields  in  which  Bache's  administration 
proved  eminently  successful  were  the  following: 

(a)  Determination  of  latitude  and  longitude;  in  1851  he  pre- 
sented a  list  of  3240  geographical  positions,  with  the  comment: 
"It  will  be  found  that  improved  methods  of  determining  the 
latitude  by  observations  have  been  employed;  that  the  various 
methods  which  astronomy  and  geodesy  furnish  for  determining 
longitude  have  l)ecn  applied;  and  that,  in  addition  to  the  usual 
ones,  we  have  introduced  for  the  first  time,  as  part  of  the  geodetic 
work,  the  determination  of  the  difference  of  longitude  by  the 
telegraphy  The  first  use  of  the  telegraph  was  in  1846,  at  the  time 
of  the  opening  of  the  first  commercial  line  between  Washington 
and  Baltimore.  The  director  of  the  Cambridge  Observatory  said 
in  1850:  ''This  method  of  adapting  the  electric  current  to  the 
wants  of  the  astronomer,  and  which  has  grown  up  under  the 
fostering  care  of  the  Coast  Survey,  is  purely  Americant  and  is 
acknowledged  as  such  in  Europe." 

In  his  eulogy  of  Bache  delivered  in  1868,  Professor  Benjamin 
Apthorp  Gould  declared  that  the  Talcott  method  for  latitude 
observations  was  then  known  abroad  as  the  Coast  Survey  method ; 
that  in  Germany  in  1868  astronomers  had  just  reached  the  excel- 
lence in  longitude  determinations  equal  to  that  attained  by  the 
Coast  Survey  ten  or  fifteen  years  before;  and  that  the  latitudes 
and  longitudes  of  the  Coast  Survey  primary  stations  were  deter- 
mined with  more  accuracy  than  the  same  co-ordinates  were  known 
for  any  European  observatory. 
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Baehe  in  his  report  for  1858  stated  that  the  "American" 

method  of  longitudes  "will  hear  favorable  comparison,  it  is  be- 
lieved, witli  an}'  other  method  yet  devised.  It  requires  onlj'  the 
electric  connection  with  Europe  to  make  its  application  to  the  first 
meridian  of  the  survey  complete."  The  actual  use  of  the  trans- 
atlantic cable  for  this  purpose  did  not  occur  until  just  after  Bache's 
death,  but  he  had  made  all  the  preliminary  arrangements  and  had 
sponsored  the  idea  from  tlie  beginning. 

(b)  It  is  of  interest  to  note  that  from  1844  to  1860.  with  two 
exceptions,  all  of  Bache's  annual  reports  to  the  Secretary  of  the 
Treas\iry  were  dated  from  places  awa}'  from  Washington,  ranging 
from  jMaine  to  North  Carolina.  Prior  to  tlie  Civil  War  he  spent 
a  considerable  part  of  each  year  in  the  field  for  reasons  of  health, 
participating  in  the  actual  work  of  a  field  triangulation  party  and 
directing  the  main  operations  of  the  Survey  by  correspondence. 
His  inability  to  continue  this  practice  of  storing  up  health,  because 
of  the  pressure  of  war  work,  is  believed  to  have  hastened  his 
death. 

(c)  Bache's  administration  saw  the  general  introduction  of 
steam  navigation  and  he  very  early — in  1844 — ^urged  upon  Con- 
gress the  desirability  of  employing  steam  vessels  for  the  work  of 
the  Survey.    In  1847  he  reported  that  a  steamer's  performance  in 

sounding  operations  exceeded  l)y  fifteen  times  the  best  previous 
work  accomplished  by  a  sailing  vessel.  As  earh*  as  1850  a  new 
steamer  for  use  in  the  West  Coast  survey  activities  was  under 
construction.  With  the  further  adoption  of  iron  vessels,  one  of 
Bache's  incidental  tasks  was  membership  on  a  conunittee  charged 
with  devising  means  of  compensating  compasses  on  such  vessels. 

(d)  Many  studies  in  oceanography  were  made  under  his  direc- 
tion. An  extensive  investigation  into  the  Gulf  Stream  was  started 
in  1844,  and  its  structure  and  laws  w^ere  detected  for  the  first  time. 
Agassiz  was  twice  sent  to  Florida  to  study  the  growth  of  coral 
reefs.  By  1860  fourteen  sections  of  tlie  Clidf  Stream  had  been 
surveyed,  300  positions  occupied  and  3600  observations  of  tem- 
perature made.  Tides  and  currents  also  received  much  attention, 
leading  to  the  adoption  of  new  methods  and  instruments,  and  the 
beginning  of  the  publication  of  tide  tables  in  1855.  A  new  way 
to  carry  on  deep-sea  soundings  and  to  bring  up  samples  of  the 
ocean  bottom  was  also  developed.  Special  investigations  under 
the  direction  of  the  Survey  were  conducted  in  the  harbors  of  New 
York  and  Boston  in  cooperation  with  the  local  authorities. 
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(e)  One  of  Bache's  earliest  aims  was  to  popularize  and  render 
available  to  the  public  the  utilitarian  side  of  the  discoveries  of  the 
Survey.  In  1844  he  first  mentions  arrangements  for  making  maps 
and  charts  available  for  general  use,  at  a  cost  sufficient  only  to 
cover  the  cost  of  paper  and  printing,  "lower  than  that  of  the 
British  (Jovernment  and  ([uite  as  low  as  that  of  France."  That 
all  possible  aids  to  navigation  were  needed  is  shown  by  the  figures 
for  one  year,  1855,  when  about  430  persons  lost  their  lives  along 
our  coasts,  and  property  damage  amounted  to  $11,850,000. 

When  it  was  found  difhcult  to  secure  enough  skilled  engravers 
he  sent  a  representative  to  Switzerland  in  1855  to  engage  a  number 
of  experts;  the  report  for  1851  has  a  lengthy  article  on  electro- 
typing  operations  of  the  survey,  with  apparatus  and  processes 
then  entirely  new;  a  year  later  the  methods  used  for  printing  from 
lithographic  transfers  were  described  at  length;  and  by  1866  an 
attempt  was  made  to  print  maps  and  charts  in  colors. 

Before  the  middle  of  the  last  century  the  sailing  directions  or 
coast  pilots  for  the  Atlantic  Coast  had  been  developed  and  pub- 
lished by  private  individuals  or  firms.  As  early  as  1849  Bache 
started  the  compiling  of  such  books  to  be  put  out  by  the  Govern- 
ment as  official  documents,  and  the  approaching  completion  of 
the  sailing  directions  for  the  eastern  coast  was  mentioned  in  1857. 
Professor  George  Davidson's  first  edition  of  the  Pacific  Coast 
Directory  was  published  in  that  year.  The  present  comprehensive 
set  of  volumes  of  the  Coast  Pilot  for  all  the  coasts  of  the  United 
States  grew  out  of  these  early  efforts  instituted  by  Bache. 

(/)  From  the  outset  Bache  devoted  considerable  attention  to 
his  joint  duties  as  Superintendent  of  the  Office  of  Weights  and 
Measures — the  early  ancestor  of  the  present  National  Bureau  of 
Standards.  In  the  earliest  days  of  the  Survey  this  office  was 
considered  as  of  prime  importance,  and  in  1832  its  activities  were 
much  greater  than  those  of  the  Coast  Survey.  The  early  functions 
of  this  office  comprised  mainly  the  preparation  of  standard  weights 
and  measures  for  distribution  among  the  various  states,  together 
with  methods  for  collecting  duties  on  distilled  spirits  and  similar 
activities. 

(g)  Bache's  very  great  contribution  to  the  study  of  magnetism 
will  be  described  by  another  speaker  on  this  program.  In  the 
field  of  geophysics,  it  is  of  interest  to  note  that  in  several  of  his 
annual  reports  (1854  and  1862)  there  is  mention  of  tidal  waves  on 
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the  west  coast,  believed  to  have  been  due  to  distant  earthquakes 
or  submarine  volcanic  explosions.  In  1860  the  Coast  Survey 
sponsored  a  special  expedition  to  the  coast  of  Labrador  to  observe 
a  total  eclipse  of  the  sun.  In  1856  mention  is  made  of  the  rapidly 
processing  library  of  the  Coast  Survey.  History  and  geography 
were  not  overlooked,  as  Bache  fostered  several  studies  of  the 
history  of  the  early  discoveries  and  explorations  along  both  the 
Atlantic  and  Pacific  Coasts,  and  in  1856  he  wrote  at  length  upon 
the  difficulty  of  deciding  upon  the  correct  form  of  geographic  place 
names,  especially  on  the  West  Coast.  In  other  words,  Bache's 
outlook  was  so  broad  and  his  interest  so  catholic  that  any  aspect 
of  the  work  of  the  Survey  received  his  enthusiastic  encouragement 
and  support. 

(h)  It  would  be  inappropriate  to  omit  from  this  brief  statement 
a  tribute  to  Bache's  success  as  an  administrator.  In  1850  he 
emphasized  the  value  of  the  experience  and  knowledge  of  the 
Coast  Survey  staff  and  officers,  and  their  most  cheerful,  thorough, 
and  zealous  cooperation  in  every  part  of  the  work.  He  repeatedly 
endeavored  to  secure  more  adequate  compensation  for  them,  and 
with  the  exception  of  one  incident  near  the  beginning  of  his  term 
of  office — in  which  the  official  concerned  was  a  disappointed  rival 
of  Bache  for  the  appointment  as  Superintendent— he  seems  to 
have  had  no  friction  in  his  organization  nor  to  have  had  any 
difficulty  in  securing  and  holding  the  willing  and  loyal  devotion 
of  his  staff.  One  of  his  brothers,  Lieutenant  Ceorge  M.  Bache, 
U.S.N,,  serving  in  the  Survey  on  a  temporary  assignment,  was 
lost  at  sea  in  1846,  being  washed  overboard  during  a  hurricane 
from  the  Survey  brig  "Washington,"  while  engaged  in  work  off 
the  coast  of  North  Carolina. 

It  was  only  natural  that  a  man  of  Bache's  character  and 
achievements  should  be  called  upon  for  many  special  tasks  related 
to  but  not  a  part  of  his  principal  official  duties.  Among  the  most 
important  was  his  nomination  in  its  act  of  incorporation  as  one 
of  the  regents  of  the  Smithsonian  Institution,  in  which  office  he 
was  continued  for  twenty  years  until  his  death.  In  the  words  of 
Joseph  Henry,  long  the  Secretary  of  the  Smithsonian,  "to  say  that 
he  assisted  in  shaping  the  policy  of  the  establishment  would  not 
be  enough.  It  was  almost  exclusively  through  his  predominating 
influence  that  the  policy  which  has  given  the  institution  its  present 
celebrity  was,  after  much  opposition,  adopted."    As  vice-president 
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of  the  United  States  Sanitary  Commission  (the  forerunner  of  the 
American  Red  Cross)  he  was  very  active  in  suggjesting  means  for 
securing  contributions  and  for  their  wise  expenditure  with  a  view 
to  ameHorating  the  condition  of  soldiers  and  prisoners  during 
the  war. 

He  was  also  a  member  of  the  first  commission  appointed  to 
examine  into  the  methods  of  improving  and  expanding  the  light 
house  service  of  the  country,  and  upon  its  establishment  became 
a  member  of  the  first  Light  House  Board.  Particularly  during 
the  Civil  War  he  was  called  upon  to  serve  on  many  special  com- 
mittees dealing  with  subjects  in  which  he  was  especially  competent 
to  give  counsel  and  advice — as,  for  example,  in  the  adoption  of 
the  plans  for  League  Island  Navy  Yard.  One  of  the  last  major 
acts  of  his  official  life  was  a  manifestation  of  his  devotion  to  his 
native  city,  where  he  had  hoped  to  resume  his  residence  upon  his 
retirement  to  private  life.  At  the  request  of  the  Governor  of 
Pennsylvania,  he  planned  Unes  of  defense  for  the  city  of  Phila- 
delphia, and  partly  superintended  in  person  their  construction. 
Joseph  Henry  attributes  to  this  arduous  task  and  to  the  exposure 
it  involved  the  final  breakdown  of  his  health,  weakened  by  years 
of  overwork,  from  which  he  was  not  to  recover. 

Many  tributes  to  and  eulogies  of  Bache  were  written  and 
published  after  his  death.  To  quote  Joseph  Henry  again,  his 
valuable  life  may  be  said  to  have  been  one  of  the  sacrifices  offered 
for  the  preservation  of  the  Union.  Perliaps  the  most  fitting 
eulogy  to  repeat  here  is  that  of  his  successor  as  Superintendent  of 
the  Coast  Survey,  Professor  Benjamin  Peirce  of  Harvard  Uni- 
versity, the  most  eminent  American  mathematician  of  his  day, 
who  in  his  first  annual  report  for  1867  wrote  the  following: 

On  the  20th  of  Ft'])riiary,  1867,  I  received  the  commission  of  Super- 
intendont  of  the  Coast  Survey.  This  important  sorvire  originated  with 
Hassler;  but  it  rercMvcd  its  efficient  organization  from  Bache.  ...  It 
is  only  necessary  conscienliously  and  faithfully  to  follow  in  his  footsteps, 
imitate  his  example,  and  develop  his  plans  in  the  administration  of  the 
Survey.  To  describe  what  the  Superintendent  should  do  is  simply  to 
describe  what  Bache  actually  performed.  .  .  .  The  ease  with  which  the 
survey  has  kept  pace  with  the  progress  of  art  and  science,  contributing 
more  than  its  full  share,  so  that  its  many  processes  are  regarded  as  the 
unsurpa.ssed  models  of  their  kind,  has  most  arisen  from  the  sympathy 
of  my  predecessor  for  all  that  was  new,  and  his  acute  discrimination, 
wiiicli  n^tained  the  im{)rovement  and  rejected  the  fallacy.  ...  I  have 
before  me  the  inspiration  and  example  of  my  friend  Bache.  It  is  his 
organization.    I  have  only  to  administer  as  he  showed  the  way. 
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The  name  of  Alexander  Dallas  Bache  does  not  raise  very 
vivid  memories  in  the  minds  of  physicists  of  the  present  day. 

Quite  vmlike  that  of  Joseph  Henry,  a  close  associate,  his  researches 
were  concerned  with  piienomcna  which  have  not  fructified  into 
topics  of  either  great  practical  or  theoretical  interest.  His  con- 
tributions dealt  largely  with  terrestrial  magnetism,  magnetic  sur- 
veys and  problems  in  weights  and  measures — all  of  recognized 
fundamental  importance,  hut  nevertheless  in  departments  of 
physics  which  neither  then  nor  later  could  be  regarded  as  spectac- 
ular or  especially  productive  of  expanding  knowledge. 

Yet  not  alone  American  science,  but  the  American  nation 
as  well,  is  indebted  to  Bache.  He  was  a  pioneer  on  this  side  of 
the  water  in  the  field  of  scientific  organization.  Doubtless  his 
interest  in  this  sphere  was  greatly  whetted  by  an  opportunity 
accorded  him  by  the  trustees  of  the  newly  founded  Girard  College 
to  visit  Europe  and  study  educational  systems  for  the  information 
of  the  board.  We  may  safely  surmise  that  it  was  from  this  ex- 
tended visit  and  survey,  in  which  he  had  occasion  for  discussion 
with  many  of  the  leading  scientists  of  the  old  world,  that  Bache 
came  to  a  clear  appreciation  of  the  value  of  an  agency  to  advise 
the  national  government  on  scientific  questions.  During  the 
course  of  his  European  tour  he  undoubtedly  became  familiar  with 
the  official  governmental  functions  of  such  groups  as  the  Royal 
Society  in  England  and  the  Academy  in  France,  so  that  then  were 
sown  the  seeds  later  to  ripen  into  our  own  National  Academy  of 
Sciences. 

We  can  imagine  that  the  need  of  such  an  institution  in  the 
United  States  formed  a  frequent  topic  of  discussion  between  Bache 
and  such  close  associates  as  Joseph  Henry,  Louis  Agassiz,  Asa 
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Gray  and  Benjamin  Silliman.  Thus,  twelve  years  liefore  the 
founding  of  the  Academy,  Bache  delivered  in  Albany  in  LS.51  an 
address  as  retiring  president  of  the  American  Association  for  the 
Advancement  of  Science  in  which  he  dwelt  at  length  on  the  need 
of  a  national  scientific  organization  of  the  kind  the  Academy  was 
destined  to  be.  The  following  excerpts  from  that  paper  seem 
worthy  of  quoting,  even  today. 

.  .  .  But  first  a  few  observations  on  the  ordinary  modes  of  pro- 
moting science;  in  connexion  with  which,  I  would  throw  out  for  your 
consideration  some  reasons  which  induce  me  to  believe  that  an  institution 
of  science,  supplementary  to  existing  ones,  is  much  needed  in  our  country, 

to  guide  public  action  in  reference  to  scientific  matters. 

It  is,  I  beliovo,  a  common  mistake,  to  associate  the  idea  of  academical 
institutions  with  monarchial  institutions.  \Vc  show  in  this,  as  in  many 
other  things,  the  prejudice  of  our  descent.  We  have  among  us  the  two 
extremes  of  exaggerated  nationahty  and  of  excessive  imitation:  let  us 
modify  each  by  the  other,  and  be  wise.  A  national  institute  is  not 
necessary  to  Great  Britain,  with  her  rich  and  powerful  universities. 
RepubHcan  France  has  cherished  her  Institute,  seeking  rather  to  extend 
than  to  curtail  its  proportions.  One  of  the  most  ardent  of  republicans 
is  its  perpetual  secretary.  .  .  .  Nor  does  the  idea  of  a  necessary-  con- 
nexion iK'tween  centralization  and  an  institutioJi  strike  me  a«  a  valid  one. 
Sup{)ose  an  institute  of  whicii  the  memlxTs  belong  in  turn  to  each  of  our 
widely  scattered  States,  working  at  their  places  of  residence,  and  report- 
ing their  results;  meeting  onlx  at  particular  times,  and  for  special  pur- 
poses; engaged  in  researches  self -directed,  or  desired  by  the  body, 
called  for  by  Congress  or  by  the  Executive,  who  furnish  the  means  for 
the  inquiries.  The  detail  of  such  an  organization  could  be  marked  out 
so  as  to  secure  efficiency  without  centralization,  and  constant  lal)or 
with  its  ai)propnate  results.  The  public  treasury  would  be  saved  many 
times  the  support  of  such  a  council,  by  the  sound  advice  which  it  would 
give  in  regard  to  the  various  projects  which  are  constantly  forced  upon 
their  notice,  and  in  regard  to  which  they  are  now  compelled  to  decide 
without  the  knowledge  which  alone  can  ensure  a  wise  conclusion.  The 
men  of  science  who  are  at  the  seat  of  government  either  constantly  or 
temporarily,  are  too  much  occupied  in  the  special  work  which  belongs 
to  their  official  occupations,  to  answer  such  a  purpose;  besides,  the 
additional  responsibility  which,  if  th(\v  were  called  together,  tliey  must 
necessarily  b<'ar,  would  prove  too  great  a  l)urthen,  considering  the  fervid 
zeal,  and  1  niiiiht  almost  say  fierceness,  with  which  questions  of  interest 
are  pursued,  and  the  ver}'  extraordinary'  means  resorted  to  to  bring 
about  a  successful  conclusion.  .  .  . 

Our  country  is  making  such  rapid  progress  in  material  improvement, 
that  it  is  impossible  for  either  the  legislati\  e  or  executive  departments 
of  our  Government  to  avoid  incidentally,  if  not  directly,  being  involved 
in  the  decision  of  such  questions.    Without  specification,  it  is  easy  to 
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see  that  there  are  few  applications  of  science  which  do  not  bear  on  the 
interests  of  commerce  and  navigati(jn,  naval  or  military  concerns,  the 
customs,  the  light-houses,  the  public  lands,  post-offices  and  post-roads, 

either  directly  or  remotely.  If  all  examination  is  refused,  the  good  is 
confounded  with  the  bad,  and  the  Government  may  lose  a  most  important 
advantage.  If  a  decision  is  left  to  influence,  or  to  imperfect  knowledge, 
the  worst  consequences  follow. 

Such  a  body  would  supply  a  place  not  occupied  by  existing  institu- 
tions, and  which  our  own  is,  from  its  temporary  and  voluntary  character, 
not  able  to  supply. 

Nothing,  however,  appears  to  have  been  done  in  political 
circles  about  Bache's  recommendation  until  1863,  and  it  may  well 
have  been  the  crisis  of  the  Civil  War  which  furnished  the  needed 
emphasis  to  bring  official  action.  In  addition  to  the  scientific 
group  which  discussed  the  national  needs  in  science,  frequently 
gathering  at  Bache's  house  on  Twentieth  Street  in  Washington, 
another  visitor  was  Senator  Henry  Wilson.  Perhaps  it  was  Wilson 
who  supplied  a  ready  political  liaison. 

Out  of  the  deliberations  of  this  small  group  arose  a  decision 
to  create  at  first  a  scientific  commission,  and  the  then  Secretary 
of  the  Navy,  early  in  February  1863,  appointed  three  members: 
Bache  (Superintendent  of  the  Coast  Survey),  Joseph  Henry 
(Secretary  of  the  Smithsonian  Institution)  and  Charles  H.  Davis 
(Chief  of  the  Bureau  of  Navigation,  Navy  Department),  to  report 
on  various  "matters  of  science  and  art."  These  experts  considered 
many  subjects  and  gave  their  opinion  regarding  them. 

Curiously  enough,  this  so-called  Permanent  Commission  was 
destined  to  pass  virtually  out  of  existence  a  few  weeks  later,  for 
it  was  toward  the  end  of  the  same  month  of  February  (1868)  in 
which  the  Permanent  Commission  was  appointed  that  a  l)ill  to 
incorporate  the  National  Academy  of  Sciences  was  brought  before 
Congress.  The  bill  was  passed  March  3,  1863,  and  was  approved 
by  President  Lincoln  on  the  same  day.  As  the  leading  scientific 
men  in  Washington  at  the  time,  Bache  and  Henry  no  doubt 
framed  the  provisions  of  the  bill  with  the  aid  of  such  others  as 
Charles  H.  Davis,  Louis  Agassiz,  and  Senator  Henry  Wilson,  and 
m  this  act  framed  the  charter  of  the  Academy.  Bache's  name 
appears  fourth  in  the  alphabetical  listing  of  names  and  states  of 
residence  in  the  Act  of  Incorporation,  and  is  followed  by  the 
designation,  "at  large" — one  of  four  or  five  so  designated. 

If  time  permitted  I  should  like  to  discuss  at  length  the  masterly 
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skill  that  the  wording  of  the  Charter  exemplifies.  Aside  from  a 
recital  of  the  names  of  the  original  fifty  members,  it  is  a  document 
of  less  than  two  hundred  words.  One  section  seven  lines  long 
])rovides  for  reports  to  Congress  but  gives  the  Academy  complete 
independence  concerning  operating  rules  and  the  election  of 
members. 

Another  section,  of  less  than  a  hundred  words,  provides  that 
the  Academy  shall  hold  an  annual  meeting  at  some  place  of  its 
own  choosing  witliin  the  United  States.  It  also  imposes  the 
obligation  tliat  .  .  the  Academy  shall,  whenever  called  upon 
by  any  department  of  the  (lovernment,  investigate,  examine, 
experiment  and  report  upon  any  subject  of  science  or  art  .  . 
the  actual  expenses  to  be  paid  by  Government  but  the  Academy' 
to  receive  "...  no  compensation  wliatever  for  any  services  to 
the  Government  of  the  United  States." 

It  is  difficult  for  me  to  conceive  of  a  more  effective  structure 
for  insuring  that  at  all  times  Government  be  in  position  to  avail 
itself  of  the  most  competent  unbiased  assistance  which  the  depart- 
ments of  knowledge  represented  in  the  Academy  can  provide.  So 
long  as  the  eminence  of  its  membership  is  maintained,  the  Con- 
gressional Charter  provides  an  almost  impregnable  citadel  for 
disinterested  service  to  the  nation.  It  is  a  shield  against  the  pres- 
sures of  expediency,  influence  and  the  thousand  and  one  things 
which  so  freciuently  bedevil  and  thwart  our  group  undertakings. 

During  the  temporary  organization  in  April  1863  of  the  in- 
corporators as  members  of  the  Academy,  it  was  the  feeling,  ex- 
pressed in  action  b\'  the  Academy,  that  each  member  should  take 
an  oath  of  allegiance  to  the  United  States  of  America  and  to  the 
Academy.  The  form  of  oath  agreed  upon  and  administered  to 
each  member  is  quoted  below: 

I,  .  .  .  ,  do  solemnly  affirm  that  I  have  never  voluntarily  borne 
arms  against  the  United  States  since  I  have  been  a  citizen  thereof; 
that  I  have  voluntarily  gi\'en  no  aid,  countenance,  counsel,  or  encoun^e- 
ment  to  persons  engaged  in  armed  hostility  thereto;  that  I  have  neither 
sought  nor  expected  to  exercise  the  functions  of  any  office  whatever, 
under  any  authority  or  pretended  authority  in  hostility  to  the  United 
States;  that  I  have  not  yielded  a  voluntary  support  to  any  pretended 
Government,  Authority,  power  or  constitution  witliin  the  United  States, 
hostil(>  or  inimical  thereto.  And  I  do  further  affirm  that  to  the  best 
of  my  knowledge  and  ability  1  will  support  and  defend  the  Constitution 
of  the  United  States  against  all  enemies,  foreign  and  domestic:  that  I 
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will  bear  true  faith  and  allegiance  to  the  same;  that  I  take  this  obligation 
frtfly,  without  any  mental  reservation,  or  purpose  of  evasion;  and  that 
I  will  well  and  faithfully  discharge  the  duties  of  a  member  of  the  National 
Academy  of  Sciences.    So  help  me  God. 

After  Senator  Wilson  had  opened  the  first  meeting,  in  April 
1863,  Joseph  Henry  was  asked  to  serve  as  chairman  pro  tern,  of 
the  Academy  during  the  organization  proceedings.  At  the  same 
meeting,  follow^ing  the  preliminary  steps  of  organization,  the 
Academy  proceeded  with  the  nomination  and  election  of  ofiicers. 
Alexander  Dallas  Bache  was  the  only  nominee  for  the  office  of 
president,  and  on  the  first  ballot  was  unanimously  elected  first 
president  of  the  Academy.  He  was  particularly  qualified  to  hold 
this  office,  for  he  was  cognizant  of  all  the  considerations  which 
had  led  to  the  Academy's  inception. 

As  the  first  president  and  as  a  member  of  the  organizing  com- 
mittee, Bache  had  to  do  also  with  the  framing  of  the  constitution 
and  by-laws  under  which  the  Academy  was  to  operate  as  the 
scientific  advisory  body  to  the  Federal  Government. 

The  Act  of  Incorporation  provided  for  the  division  of  the 
membership  into  classes.  During  the  first  meeting  of  the  Academy 
in  New  York,  a  committee  on  organization  was  appointed,  and 
Bache  was  one  of  those  selected  for  membership  on  the  committee. 
In  accordance  with  a  mandate  from  the  Academy,  the  committee 
divided  the  membership  into  classes.  Class  A,  Mathematics  and 
Physics,  was  further  divided  into  Section  I  (Mathematics)  and 
Section  II  (Physics).  To  this  latter  Section  of  Class  A,  Bache 
was  assigned,  and  he  remained  a  member  of  this  Section  until  his 
death  in  1867. 

One  of  the  first  (if  not  the  first)  government  committees  ap- 
pointed in  the  Academy  was  the  Committee  on  Weights,  Measures, 
and  Coinage,  to  advise  the  Treasury.  Bache  was  undoubtedly 
the  best  qualified  member  of  the  Academy  to  serve  on  this  com- 
mittee, but  as  President  of  the  Academy  he  would  not  appoint 
himself.  The  Academy  took  matters  into  its  own  hands,  however, 
and  voted  unanimously  in  favor  of  his  accepting  membership  on 
the  conmiittee,  and  as  he  could  not  do  otherwise,  he  accepted, 
and  remained  a  member  of  the  committee  until  his  death. 

Although  long  in  failing  health,  Bache  attended  and  presided 
at  the  meetings  faithfully.  His  interest  never  waned  during  the 
few  years  which  elapsed  before  his  death  in  1867. 
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In  the  early  days  of  the  Academy's  history,  funds  for  carrj'ing 
on  the  operations  of  the  Academy  were  inadequate;  and  Bache 
was  one  of  those  who  contributed  each  year  from  his  personal 

resources.  The  desire  to  help  others  was  a  part  of  his  nature, 
and,  having  in  mind  the  conditions  under  which  scientific  research 
of  the  day  was  carried  on,  he  bequeathed  to  the  Academy  its  first 
grants-in-aid  fund.  It  accrued  to  the  Academy  after  the  deatli 
of  his  wife  in  1871.  The  capital  sum,  which  originally  amounted 
to  about  $50,000.00,  now  totals  $60,000.00.  During  the  sixty- 
nine  years  which  have  since  ehipsed,  three  hundred  eighty-five 
grants,  for  the  prosecution  of  researches  in  physical  and  natural 
science,  have  been  made  from  the  income.  Added  together,  the 
grants  amount  to  $171,762.67;  and  the  average  amount  of  each 
grant  is  about  $450.00.  Thus  Bache  s  efforts  on  behalf  of  science 
have  prospered  and  will,  it  seems  likely,  continue  to  prove  of 
meritorious  service  well  into  the  future. 
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(liecui  February  I4,  I04I,  in  Symposium  on  GcomignHi'i  m)  ^ 

In  this  meeting  for  the  commemoration  of  the  life  and  work 
of  Alexander  Dallas  Bache  who,  in  addition  to  many  other  notable 

contributions,  gave  important  stimulus  to  the  scientific  investiga- 
tion of  geomagnetism  in  tlie  United  States,  it  seems  appropriate 
at  this  point  also  to  salute  another  great  American  for  initiating 
the  first  scientific  investigation  of  terrestrial  electricity.  Nearly 
200  years  ago,  in  .Time  1752,  in  this  city.  Franklin  made  his  famous 
experiment  with  the  kite  in  a  thunder-cloud.  The  beauty  and 
finesse  of  this  experiment  are  impressive.  Although  Dalibard  in 
France  had  succeeded  about  one  month  earlier  than  Franklin  in 
collecting  electricity  from  the  air  during  a  thunder-storm  by  using 
an  iron  rod  one  inch  in  diameter  and  40  feet  long,  supported 
vertically  and  insulated  from  ground,  he  gave  Franklin  credit 
for  suggesting  the  experiment  when  a  few  days  later  he  enthusi- 
astically reported  to  the  French  Academy  that  "Franklin's  idea 
ceases  to  be  a  conjecture,  here  it  has  become  a  reality." 

Thus  began  the  first  epoch  in  the  development  of  the  science 
of  atmospheric  electricity,  that  branch  of  terrestrial  electricity 
which  deals  with  the  electrical  properties  and  electrical  phenomena 
of  the  atmosphere. 

The  first  epoch  of  another  branch  of  terrestrial  electricity  began 
soon  after  the  telegraph  came  into  use  when  it  was  found  that 
sometimes  electric  currents,  other  than  those  used  for  sending 
signals,  transgressed  upon  the  wires.  In  1847  W.  H.  Barlow,  who 
^'as  in  charge  of  telegraph  lines  in  England,  observ^ed  that  these 
transgressing  currents  appeared  on  all  the  lines  at  al)out  the  same 
time  and  he  concluded  that  the  Earth  is  the  common  source  of 
these  currents.  This  branch  of  terrestrial  electricity,  which  may 
be  called  geoelectricity,  deals  with  the  electrical  properties  of  the 
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Earth  and  the  electrical  phenomena  which  transpire  within  the 
Earth. 

Manifestations,  like  these,  of  the  natural  electric  currents  in 
the  Earth  or  conspicuous  manifestations  of  electric  forces  at  pla\' 
in  the  atmosphere,  such  as  lightning,  St.  Elmo's  fire,  etc.,  are  of 
relatively  infrequent  occurrence,  but  electric  forces  are  always  at 
play  in  the  atmosphere  and  in  the  Earth.  However,  these  are 
usually  so  feeble  that  they  can  be  "observed''  only  with  the  aid 
of  suitable  instruments  and  equipment. 

There  is  a  parallel  in  geomagnetism.  Although  the  magnetic 
force  at  a  given  place  seldom  changes  enough  during  short  time- 
intervals  to  be  noticeable  with  an  ordinary  compass,  yet  this  force 
is  continuously  changing  by  small  amounts.  Observations  of  these 
inconspicuous  phenomena  of  atmospheric  electricity,  geoelectricity, 
and  geomagnetism  reveal  interesting  relations  between  some  phe- 
nomena in  these  three  categories — relations  which  aid  in  an  under- 
standing of  certain  effects  in  practical  affairs  which  occasionally 
come  to  public  attention.  The  occasions  to  which  I  refer  are 
usually  called  magnetic  storms.  Electromagnetic  storms  would 
be  a  better,  although  also  an  inadequate,  designation. 

A  few  selections  from  the  case  history  of  one  of  the  most  out- 
standing of  these  storms  will  provide  illustrations  of  some  relations 
between  terrestrial  electricity  and  geomagnetism.  This  storm 
began  everywhere  on  the  Earth  at  about  14  hours  after  midnight 
at  Greenwich  (9  a.m.  Eastern  standard  time),  March  24,  1940. 
During  the  latter  part  of  that  day  there  was  much  interfeience 
with  wired  comnumication-services,  and  with  radio  broadcasts, 
unprecedented  obstruction  of  trans-Atlantic  radio  communication 
was  reported;  and  most  surprisingly,  there  occurred  some  interfer- 
ence with  operations  of  a  number  of  electric  power-systems  in  the 
United  States  and  Canada.' 

Magnetic  records  such  as  that  obtained  at  the  Carnegie 
Institution's  magnetic  observatory  near  Huancayo,  Peru  (upper 
left  of  Fig.  1)  showed  that  this  electromagnetic  "storm"  began 
ever3rwhere  shortly  before  14  hours  after  Greenwich  midnight  and 
continued  witli  remarkable  activity  for  about  24  hours. 

The  activity  of  the  electric  currents  in  the  Earth  for  the  same 
period  at  Huancayo  is  illustrated  by  the  graph  in  the  lower  left 

*  For  a  description  of  effects  of  this  electromagnetic  storm  on  (o)  electric  power* 
systems  and  (h)  on  communiciition-syt^tenis,  see  (a)  W.  F.  Davidson,  Edison  Elect. 
Imt.  BuU.,  8,  365-366,  374  (1940),  and  (6)  L.  W.  Gerraaine,  ibid.,  8,  367-368  (1940). 
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of  Fig.  1,  where  a  component  (northward  acting)  of  the  electric 
force  in  the  Earth  is  charted.  Certain  points  of  correspondence 
between  these  two  elements  are  readily  seen.  A  comparison  of 
the  details  of  the  electric  record  with  those  in  the  magnetic  record 
is  not  justified  because  the  former  is  an  imperfect  representation 
of  tlie  earth-current.  The  recording  instrument  was  too  sensitive 
for  the  present  purpose;  hence  at  intervals  during  this  storm  the 
vakies  were  greater  than  could  l)e  recorded,  for  example,  during; 
the  interval  extending  from  before  until  after  the  time  when  the 
magnetic  force  was  greatest.  It  was  in  this  flood  stage  of  the 
Earth's  electric  currents  that  serious  interference  with  the  oper- 
ation of  telegraph-systems  and  electric  power-systems  was  ex- 
perienced. This  record  furthermore  does  not  show  the  more  rapid 
fluctuations.  A  more  responsive  recorder,  in  use  at  the  Tucson 
Magnetic  Observatory,  recorded  many  rapid  oscillations,  not 
shown  here,  while  some  insensitive  recorders  which  were  put  into 
service  by  the  Western  Union  Telegraph  Company  and  others 
during  part  of  the  storm  indicated  that  the  earth-current  at  times 
was  probably  more  than  one  thousand  times  the  normal  intensity. 
For  example,  800  volts  difference  of  potential  was  measured  be- 
tween the  ground-contact  at  New  York,  New  York,  and  that  at 
Binghamton,  New  York,  which  are  140  miles  apart,  thus  indicating 
a  gradient  of  5.7  volts  per  mile.  A  somewhat  greater  intensity 
(10  volts  per  mile)  was  estimated  by  W.  F.  Davidson,  as  necessary 
to  cause  the  interference  observed  on  power-transmission  lines. 
A  greater  earth-current  intensity  than  this  has  been  reported  only 
once,  namely,  between  New  York,  New  York,  and  Elizabeth, 
New  Jersey,  on  July  IG,  1892,  when  an  isolated  measurement 
indicated  an  average  potential-gradient  of  about  14  volts  per  mile 
between  New  York  and  Eliza})eth. 

Smaller  effects  of  this  sort  are  well  known  to  telegraph  operators 
and,  I  have  been  told  that,  sometimes  they  allude  to  these  as  ''an 
aurora  on  the  line."  Indeed  at  such  times  auroras  are  likely  to  be 
observed  at  places  far  from  the  zone  of  maximum  auroral  fre- 
quency, but  the  auroras  are  certainly  not  directly  related  to  the 
disturbance  of  the  telegraph. 

Although  the  records  obtained  during  this  storm  illustrate  a 
correspondence  generally  found  between  the  disturbances  of  the 
electric  currents  in  the  Earth  and  the  geomagnetic  disturbances 
at  the  Earth's  surface,  they  also  show  that  there  is  no  conspicuous 
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correspondence  between  the  magnetic  disturbances  and  disturb- 
ances of  the  electric  force,  or  of  the  electric  properties,  in  the 
atmosphere  near  the  Earth.  The  lowermost  graph  in  the  right- 
hand  side  of  Fig.  1  represents  the  vertical  electric  force,  or  potential- 
gradient,  in  the  atmosphere  near  the  Earth  for  the  same  period  as 
that  for  the  graphs  which  have  already  been  examined.  Up  until 
about  17'\5  there  are  no  prominent  departures  from  the  usual  type 
of  such  records  even  though  the  electromagnetic  ''storm"  had  been 
in  progress  about  3.5  hours,  during  the  last  two  of  which  it  was  in 
its  most  intense  stage.  The  disturbance  of  potential-gradient 
shown  in  the  latter  part  of  that  graph  (17''. 5  to  20*^)  is  the  result 
of  a  small  local  thunder-storm,  such  as  occur  so  frequently  in  the 
vicinity  of  the  Huancayo  Magnetic  Observatory,  and  hence  this 
portion  cannot  be  compared  with  the  magnetic  and  earth-current 
records.  That  thunder-storms  are  not  closely  related  to  these 
electromagnetic  storms  is  evident  from  the  well-known  and 
fortunate  circumstance  that  thunder-storms  do  not  occur  simul- 
taneously everywhere  on  the  Earth. 

The  graph  just  above  that  for  potential-gradient  is  the  record 
of  the  electrical  conductivity  of  the  air  near  the  Earth's  surface — 
that  part  which  depends  upon  the  presence  of  negative  ions,  hence 
the  term  "negative  conductivity."  A  corresponding  record  of 
"positive"  conductivit}' — that  which  depends  on  positive  ions — 
was  also  obtained  but  since  the  two  are  qf  similar  character  the 
one  shown  here  is  adeciuate  to  illustrate  the  fact  that  no  conspicu- 
ous effect  in  the  electrical  conductivity  of  the  air  near  the  Earth 
is  manifested  during  one  of  these  electromagnetic  storms.  Fur- 
thermore, since  the  value  of  potential  multiplied  by  the  value  of 
the  total  air-conductivity  (positive  conductivity  plus  negative 
conductivity)  gives  a  value  of  the  electric  current  which  flows 
from  the  atmosphere  to  the  Earth  (or  at  times  in  the  opposite 
direction)  it  follows  that  the  electric  current  from  air  to  Earth 
also  suffers  no  conspicuous  change  during  electromagnetic  dis- 
turbances. Such  observations  constitute  one  reason  for  inferring 
that  the  electric  phenomena  and  electric  properties  of  the  lower 
atmosphere,  probably  up  to  an  altitude  of  more  than  20  km,  are 
not  involved  to  an  important  extent  in  these  electromagnetic 
disturbances. 

However,  it  was  suspected  long  ago  that  electrical  properties 
and  forces  somewhere  up  in  the  atmosphere  are  fundamentally 
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involved  in  some  of  the  magnetic  variations.  Balfour  Stewart  in 
1882  concluded  that  the  diurnal  variation  in  geomagnetism  should 
be  attributed  to  systems  of  electric  current  located  somewhere  in 

the  atmosphere.  He  recognized  that  this  required  that  tlie  elec- 
trical conductivity  of  tlie  air  there  be  quite  large  and,  although 
practically  nothing  was  known  about  the  electrical  conductivity 
of  air  at  that  time,  he  thought  that  the  phenomena  of  polar 
lights  and  certain  experiments  made  in  the  laboratory  show-ed 
that  air  at  the  low  pressure  which  prevails  in  the  high  atmosphere 
may  become  a  good  conductor  of  electricit3\  Nevertheless  this 
was  an  obstacle  in  the  way  of  his  theory.  But  the  need  for  a 
theory  of  this  sort  became  even  more  urgent  when  Sir  Arthur 
Schuster,  six  years  later,  by  quantitative  analysis,  corroborated 
Stewart's  conclusion,  that  the  primary  origin  of  the  diurnal 
magnetic  variations  is  not  within  the  Earth.  A  few  years  later 
the  introduction,  by  J.  J.  Thomson  and  his  collaborators,  of  the 
concept  of  ions  in  gases,  opened  the  way  for  the  development  of 
the  present  understanding  of  the  conduction  of  electricity  in  air 
and  other  gases.  With  that  the  postulated  high  conductivity  in 
the  upper  atmosphere  seemed  more  plausible. 

Fiuther  evidence  that  the  electrical  conductivity  of  air  in  the 
higher  atmosphere  is  remarkably  large  was  provided  by  early 
experience  with  radio  telegraphy.  Professor  Kennelly  of  Harvard 
and  Oliver  Heaviside,  British  engineer,  independently  concluded 
in  1902  that,  in  order  to  account  for  the  fact  that  radio  messages 
were  received  at  unexpectedly  great  distances  from  the  sending 
station,  it  was  necessary  to  assume  that  the  conductivity  of  some 
region  of  the  high  atmosphere  was  so  great  that  radio  waves  are 
reflected  back  toward  the  Earth  and  thus  reach  beyond  what 
would  otherwise  be  the  radio  horizon.  Professor  Kennelly  esti- 
mated the  altitude  of  this  reflecting  surface  to  be  about  80  km, 
which  is  close  to  later  measurements. 

In  recent  years  methods  and  equipment  have  been  developed, 
and  are  now  in  use  at  a  number  of  places,  for  obtaining  automatic 
records  which  provide  a  measure  of  the  effective  altitudes  of  the 
highly  conducting  strata — ^for  now  it  is  known  that  there  are 
several  of  these  at  different  altitudes — and  of  the  maximum  con- 
centration of  ions  in  these  strata.  From  such  measurements  it 
appears  that  the  conccfitration  of  ions,  and  the  corresponding  con- 
ductivity, is  great  enough  to  admit  of  a  theory  which  has  been 
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developed  more  or  less  along  the  lines  suggested  by  Balfour 
Stewart. 

The  character  of  the  variation  of  the  maximum  ion-concentra- 
tion, or  ion-density,  of  the  high  atmosphere  in  the  uppermost  of 
these  strata,  during  part  of  the  electromagnetic  storm  of  March 
24,  is  represented  by  tlic  graph  in  the  upper  right-hand  part  of 
Fig.  1.  The  ordinate  there  represents  the  ratio  of  the  maximum 
ion-density  on  the  disturbed  day  to  the  maximum  ion-density  at 
the  corresponding  time  on  an  undisturbed  day.  The  magnitude  of 
the  changes  during  the  more  intense  part  of  the  storm  is  impres- 
sive. Interest  in  this  is  enhanced  by  the  fact  that  it  is  a  record 
of  a  result  produced  at  a  very  high  altitude  in  the  atmosphere. 
The  altitude  of  this  layer,  on  a  normal  day  at  Huancayo,  ranges 
between  300  and  400  km  but  as  Mr.  Berkner,  who  kindly  provided 
the  data  for  this  graph,  will  show  in  his  address  (page  309),  it  varied 
considerably  during  this  storm. 

Another  electrical  aspect  of  the  atmosphere  which  was  regis- 
tered simultaneously  with  all  the  other  elements  exhibited  here, 
namely,  the  intensity  of  the  cosmic  radiation,  varied  in  the  manner 
shown  in  Fig.  2.    Beginning  early  on  March  23  and  extending 
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Fig.  2.    Cosmic  radiation,  Huancayo  Magnetic  Observatory,  during 
magnetic  storm  of  March  23-25, 1040. 


into  March  26  the  percentage-departiu^  from  the  mean  intensity 
of  the  cosmic  radiation  is  there  charted.  At  about  the  beginning 
of  the  storm  (14"*  GMT)  the  intensity  fell  below  normal  and  con- 
tinued with  diminished  intensity  throughout  the  following  day. 
The  greatest  diminution  is  about  three  per  cent.  This  is  an 
interesting  relation  with  geomagnetism  which  may  be  passed  with- 
out further  conmient  because  it  will  doubtless  be  discussed  in  the 
next  session  of  the  program. 
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III  this  brief  outline  of  the  case  history  of  the  electromapinetic 
storm  of  March  24-25,  1940,  some  relations  between  terrestrial- 
electric  phenomena  and  properties  and  phenomena  in  geomagnet- 
ism have  been  cited  or  illustrated.  The  association  of  polar  lights, 
or  auroraS)  with  electromagnetic  storms,  the  changes  in  the  electric 
properties  of  the  high  atmosphere  (ionosphere)  at  such  times, 
which  involve  deterioration  of  the  mirror-like  reflection  of  radio 
waves  from  the  ionosphere  back  to  Earth,  and  the  diminution  of 
the  intensity  of  cosmic  radiation,  are  features  which  will  be  dis- 
cussed by  other  speakers.  The  rest  of  this  discussion  therefore 
may  be  restricted  to  terrestrial-electric  phenomena  and  prop- 
erties, of  the  lower  atmosphere  and  of  the  Earth,  in  relation  to 
geomagnetism. 

The  fact  that  no  conspicuous  changes  in  the  electric  force  or 

in  the  electric  conductivity  of  the  lower  atmosphere  have  been 
observed  during  electromagnetic  storms  has  already  been  men- 
tioned.   The  question  whether  there  may  be  some  minor  changes 
is  not  yet  settled.    A  few  investigators  have  reported  what  they 
regard  as  evidence  of  such  effects  but  there  are  important  conflicts 
between  the  several  lines  of  evidence.    Api)arently,  any  such 
effects  will  l)e  definitely  revealed  only  by  more  elaborate  statistical 
analyses.    Despite  the  fact  that  no  positive  relationships  between 
the  terrestrial-electric  phenomena  of  the  lower  atmosphere  and 
geomagnetism  have  been  established,  knowledge  of  the  former  has 
played  an  important  role  in  the  development — or  more  correctly, 
the  restriction — of  explanations  of  the  phenomena  of  geomagnet- 
ism.   Thus  several  explanations  which  have  been  proposed  to 
explain  the  general  magnetic  field  of  the  Earth,  or  to  explain 
special  aspects  of  that  field,  have  had  to  be  abandoned  because 
they  implied  the  existence  of  vertical  electric  currents  in  the  lower 
atmosphere  of  a  magnitude  many  many  times  that  found  from 
atmospheric-electric  measurements. 

In  contrast  to  the  electric  phenomena  in  the  lower  atmosphere, 
the  electric  currents  within  the  Earth,  as  already  indicated,  bear 
a  close  relation  to  temporal  changes  in  geomagnetism.  The 
''stormy"  periods  for  the  earth-currents  correspond  closely  with 
those  of  geomagnetism.  This  as  well  as  the  fact  that  many  of 
these  storms  are  world-wide  in  scope  and  run  a  similar  course 
everywhere  simultaneously,  is  illustrated  by  Figs.  3  and  4. 

The  graphs  in  these  figures  are  copies  of  records  obtained  at 
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Fia.  4.    Geomagnetic  records,  storm  April  30  to  May  2,  1933. 

four  places  ranging  in  latitude  from  65°  north  to  30°  south  during 
15'>  GMT,  April  30,  to  Oe**  GMT,  May  2,  1933.  In  Fig.  3  two 
components  of  the  horizontal  electric  potential-gradient  in  the 
Earth  are  shown  for  each  place.  These  are  designated  as  ''north- 
ward earth-current"  and  "eastward  earth-current."  The  sig- 
nificance of  these  terms  may  be  brought  out  by  the  following 
example:  If  the  recorded  value  of  the  components  is  greater  than 
the  mean  (above  the  mean  position  on  the  graph)  at  a  given  instant 
then  the  current  in  the  Earth,  corresponding  to  the  measured 
gradient  components,  flows  in  a  northeasterly  direction,  and  if 
the  northward  component  is  positive  (above  the  mean  position) 
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while  the  eastward  component  is  nej^ative  (helow  tlie  mean  posi- 
tion) the  current  flows  in  a  nortliwesterly  direction.  The  ampli- 
tude of  deflections  from  the  mean  are  in  a  fixed  relation  to  the 
intensity  of  the  current  at  a  given  place  but  the  amplitudes  for  one 
place  cannot  be  compared  with  those  for  another  without  taking 
into  account  the  electrical  conductivity  of  the  Earth.  It  may  be 
mentioned  here  that  the  direction  of  the  current  in  the  £arth 
doubtless  varies  somewhat  from  normal  from  place  to  place  on 
account  of  the  irregular  distribution  of  the  electrical  conductivity 
of  the  Earth  and  that  the  distribution  of  electrical  conductivity 
to  depths  of  many  miles  in  the  Earth  is  a  factor  of  importance 
for  some  aspects  of  geomagnetism.  The  complexity  introduced 
by  irregularities  in  the  distribution  of  conductivity  does  not 
affect  the  times  of  occurrence  of  the  disturbances  in  earth-currents. 
As  is  to  be  seen  from  Fig.  3,  the  disturbances  at  different  places 
correspond  quite  closely  in  time.  They  also  correspond  well  with 
the  periods  of  magnetic  disturbance  shown  in  Fig.  4  by  the  repro- 
ductions of  records  of  the  horizontal  magnetic  intensity. 

These  extraordinary  world-wide  electric  and  magnetic  impulses, 
which  occur  irrespective  of  daylight  or  darkness,  in  fair  or  foul 
weather,  are  however  apparently  related  to  activity  on  the  Sun 
because  it  is  found  tliat  they  generally  are  more  frequent  in  years 
when  sunspots  are  more  numerous.  Another  indication  of  the 
relation  to  solar  activity  is  the  fact  that  these  electromagnetic 
impulses  tend  to  recur  after  an  interval  of  about  27  days — close 
to  the  period  of  the  Sun's  rotation  and  definitely  less  than  a  hmar 
revolution.  Other  less  intense  electromagnetic  impulses  also  wax 
and  wane  with  the  sunspot-cycle.  Fig.  5  is  an  illustration  of  the 
latter.  The  polar  lights  also  appear  to  be  dependent  upon  solar 
activity  in  about  the  same  way  as  these  several  electromagnetic 
phenomena,  and  evidence  accumulated  in  the  last  two  decades 
from  effects  in  radio  transmission,  or  from  special  radio  experi- 
ments, appears  to  show  that  the  electrical  conductivity  of  the  liigh 
atmosphere  depends,  in  a  similar  way,  upon  solar  activity. 

In  contrast  to  the  impulsive  electromagnetic  phenomena  wliicli 
have  just  been  reviewed  there  is  a  more  regular  trancjuil  aspect. 
Both  the  electric  gradient  in  the  Earth  and  the  magnetic  force 
vary  in  a  fairly  regular  manner  during  the  day  (diurnal  variation). 
Although  some  impulsive  movements  occur  at  irregular  intervals 
nearly  every  day  yet  on  so-called  quiet"  days,  these  are  so  feeble 
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Fig.  o.    Dependence  of  electromagnetic  variations  upon  solar  activity. 


that  the  gross  features  of  tlie  regular  diurnal  variation  can  be  seen 
in  the  record  for  an  individual  day.  Such  is  the  case  for  the 
records  of  the  two  earth-current  components  registered  at  the 
Tucson  Magnetic  Observatory  of  the  United  States  Coast  and 
Geodetic  Survey,  on  January  9  to  11,  1933,  which  are  exhibited 
in  Fig.  6.  At  night  the  variation  is  small  but  in  the  forenoon  the 
electric  gradient  in  the  Earth  increases  to  a  maximum  at  which 
time  the  earth-current  at  Tucson  flows  in  a  northeasterly  direction. 
Following  this  the  gradient  decreases  and  shortly  before  noon 
reverses  direction  until  shortly  after  noon  a  maximum  current- 
intensity  is  again  reached  but  this  is  directed  roughly  toward  the 
southwest.  There  is  another  cycle  much  like  this  but  the  maxi- 
mum current-intensity  is  less.  If  the  average  ordinate  for  each 
hour  is  taken  from  such  records  and  the  mean  of  those  for  each  of 
the  24  hours  of  the  day  is  obtained  for  a  period  of  a  month  or  a 
year  and  charted,  the  graph  is  more  regular,  and  is  more  suitable 
for  quantitative  study. 
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The  average  character  of  the  diurnal  variation,  for  each  of 
three  different  places  [Berlin  (Germany),  Ebro  Observatory  (Tor- 
tosa,  Spain),  and  the  Watheroo  Magnetic  Observatory  (Western 
Australia)],  is  shown  in  Fig.  7  by  a  full-line  graph  derived  in  the 
manner  just  indicated.  The  broken-line  graphs  in  Fig.  7  were 
calculated  with  the  aid  of  formuUe  developed  by  S.  Chapman  and 
T.  T.  Whitehead.  These  formula^  are  essentially  the  quantitative 
expression  of  a  corollary  of  the  Balfour  Stewart  theory  for  the 
diurnal  variation  in  geomagnetism  as  developed  in  quantitative 
form  by  Scluister  and  amplified  by  Chapman.  Considering  the 
fact  that  in  tlie  development  of  these  formula?  no  account  was 
taken  of  those  irregularities  in  the  structure  of  the  Earth's  crust 
which  present  great  contrasts  in  electrical  conductivity  and  thus 
certainly  distort  the  electric  flow,  it  seems  that  the  agreement  of 
the  graphs  for  the  calculated  values  with  those  for  the  observed 
values  is  good  enough  to  justify  the  conclusion  that  in  the  main 
the  diurnal  variation  in  the  earth-current  and  that  in  geomagnet- 
ism are  two  electromagnetic  manifestations  of  electric  current- 
systems  in  the  high  atmosphere. 

Thus  far  in  speaking  of  the  diurnal  variation  of  both  earth- 
currents  and  geomagnetism  no  mention  has  been  made  of  an 
interesting  influence  of  the  Moon  on  these  phenomena.  The 
latter  is  eliminated  when  mean  values  of  the  measured  elements 
are  formed,  for  each  hour  of  the  solar  day,  over  a  long  period, 
say  a  year  or  more.  The  result  then  represents  only  the  average 
solar  diurnal  variation.  But  if  mean  values  are  formed  in  a  manner 
similar  to  the  foregoing  for  the  respective  hours  of  the  lunar  day 
then  in  a  long  series  the  solar  diurnal  variation  is  eliminated  and 
the  result  represents  the  average  lunar  diurnal  variation.  This 
lunar  component  has  a  much  smaller  amplitude  than  the  solar 
component  but  it  is  a  well-determined  component  of  the  diurnal 
variation  of  both  earth-currents  and  geomagnetism.  This  com- 
ponent is  attributed  to  tidal  action  of  the  Moon  upon  the  high 
atmosphere,  which  moves  the  highly  conducting  air  back  and 
forth  across  the  magnetic  lines  of  force  of  the  permanent  magnetic 
field  of  the  Earth,  and  thus  an  electric  current  is  generated  in  that 
region.  Similarly  winds  of  other  than  tidal  origin  doubtless  play 
a  role  in  generating  the  electric  currents  to  which  the  solar  diurnal 
variations  may  be  attril)u(e(l.  Fig.  8  is  designed  to  convey  a 
conception  of  the  electric  current-system  in  the  high  atmosphere  to 
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Fio.  7.    Comparison  of  theoretical  and  observed  diurnal  variation  of  earth- 
currents. 
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Fia.  8.    Electrical  circulation  in  the  high  atmosphere  deduced  from 
magnetic  diurnal  variation  (after  Bartels). 


which  the  solar  diurnal  variation  in  geomagnetism  is  attributed. 
In  fact,  it  is  derived  from  the  latter. 

Fig.  8  is  a  map  of  the  current-system  at  the  time  of  equinox 
as  viewed  from  the  direction  of  the  Sun.  The  position  at  the 
center  of  the  map  is  always  directly  under  the  Sun.  Between 
two  adjacent  lines  10,000  amperes  of  current  flow  in  the  direction 
of  the  arrows.  The  large  whirl  of  current  in  the  upper  center  lies 
over  the  Northern  Hemisphere  and  gives  rise  to  a  magnetic  field 
of  opposite  sign  to  the  corresponding  whirl  in  the  lower  part  which 
lies  over  the  Southern  Hemisphere.  In  both  cases  the  vertical 
component  of  this  field  opposes  the  vertical  component  of  the 
Earth's  permanent  field,  the  diminution  being  greatest  at  places 
which  happen  to  be  under  the  centers  of  these  whirls.  The  Earth 
rotates  within  the  system;  hence,  a  place  which  at  about  11  a.m. 
was  under  the  center  of  the  principal  whirl  A  of  the  Northern 
Hemisphere  would  be  under  the  center  of  the  minor  whirl  B  at 
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about  6  P.M.,  and  since  the  current  here  circulates  in  the  opposite 
direction  an  observer  would  then  observe  an  increase  in  the 
vertical  magnetic  force.  Thus  as  the  Earth  rotates  while  this 
system  remains  fixed,  in  respect  to  the  Sun,  geomagnetic  variations 
which  follow  a  regular  daily  schedule  occur  everywhere.  How- 
ever, the  rotating  Earth  and  the  fixed  current-system  provide  all 
the  elements  for  a  dynamo,  in  which  the  current-systems.  A,  A', 
Bj  and  B',  provide  the  poles,  and  the  Earth  serves  as  the  armature. 
Obviously  then  currents  must  be  generated  in  the  Earth.  These 
earth-currents  in  turn  give  rise  to  a  magnetic  field  at  the  Earth's 
surface  which,  as  is  found  from  analyses  of  data  for  the  diurnal  vari- 
ation of  geomagnetism,  has  an  average  strength  of  about  one-third 
that  of  the  currents  in  the  high  atmosphere.  The  net  diurnal 
magnetic  variations  are  therefore  a  composite,  part  arising  from 
the  external  current-system  and  part  from  the  internal  current- 
system  (earth-currents). 

A  map  of  this  internal  current-system,  based  on  measurements 
of  the  horizontal  electric  gradient  in  the  Earth,  is  shown  in  Fig.  9. 
Here  the  lines  of  current-flow  have  a  similar  significance  to  those 
in  Fig.  8,  but,  while  these  are  drawn  so  that  the  amount  of  current 
which  flows  between  any  adjacent  pair  of  solid  lines  is  everywhere 
'  the  same,  that  amount  is  not  known.  This  map  serves  chiefly 
to  show  the  position  of  the  several  electric  whirls  and  the  relative 
intensity  of  current  and  its  direction  of  flow.  Of  course,  the 
actual  current-system  is  more  complicated  than  is  indicated  here, 
chiefly  because  of  the  very  irregular  distribution  in  the  Earth  of 
good  and  bad  conductors  of  electricity.  However,  this  is  thought 
to  represent  approximately  the  more  prominent  features  of  the 
electric  current-system  in  the  Earth  on  so-called  quiet  days,  and 
presents  an  integrated  view  of  tliat  aspect  of  terrestrial  electricity 
in  which  investigation  of  the  relations  to  geomagnetism  have 
made  the  greatest  advance. 
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Chief,  Division  of  Geomagnetism  and  Seismology,  United  States 
Coast  and  Geodetic  Survey 

(Read  February  14,  1941,  in  Symponutn  on  Geomagnetism) 

Many  of  the  papers  in  this  symposium  deal  with  outgrowths 
of  the  developments  initiated  in  Philadelphia  100  years  ago  by 
Alexander  Dallas  Bache,  which  either  were  not  recognized  to  be 
associated  with  the  earth's  magnetism  or  were  not  then  dreamed 
of.  The  magnetic  survey  of  the  United  States,  on  the  other  hand, 
was  practically  started  by  Bache  and  there  has  been  no  break 
in  its  continuity. 

A  limited  luiiiiher  of  magnetic  observations  had  been  made 
with  reasonal)le  accurafv  in  connection  with  land  surveys  and  a 
few  for  tlie  purpose  of  I  lie  magnetic  surve\'  had  been  made  when 
he  hecame  superintendent  of  the  Coast  Survey  in  December  1843. 
!^hortly  after,  in  addition  to  his  scientific  interest  in  this  work,  he 
recognized  the  practical  importance  in  connection  with  navigation. 

It  is  interesting  to  note  that  the  impulse  to  development  of 
scientific  work  in  both  astronomy  and  geomagnetism  came  from 
the  same  source — the  practical  needs  of  navigation.  It  is  to 
Bache's  credit  that  he  went  beyond  the  immediate  pressing  needs 
and  at  least  began  the  scientific  attack  on  the  problems  of  the 
magnetic  survey  of  the  United  States.  By  1855  it  was  possible 
to  prepare  lines  of  equal  declination  or  isogonic  lines,  for  the  coasts 
of  the  United  States  for  1850  (Fig.  1)  and  within  a  few  years  after 
his  death,  the  1870  map  showed  isogonic  lines  for  all  of  the  country 
except  the  western  plains  and  part  of  the  Rocky  Mountains.  The 
lines  were  much  smoothed  and  uncertain,  l)ut  the  l)asis  for  piesent- 
day  practice  was  there.  By  1X7')  tlie  lines  were  given  for  the  whole 
country  (Fig.  2)  and  in  1885  maps  appeared  fni-  all  the  elements, 
but  with  still  great  unevenness  of  distribution  of  stations.  In 
1900  maps  were  again  prepared  for  all  the  elements  but  many 
lines  were  dotted  as  uncertain  and  approximate  rates  of  change 
were  shown.    By  1902  the  present  practice  regarding  maps  was 
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adopted,  and  tlie  rapid  increase  in  observations  hes:an  to  p:ive 
signifieanre  to  the  maps.  This  is  illustrated  by  the  most  recently 
pubhshed  map,  that  for  193')  (Fi«!;.  3). 

While  much  of  the  development  after  Bache  s  tleath  is  to  he 
credited  to  C.  A.  Schott.  L.  A.  leaner.  R.  L.  V-av\<,  D.  L.  Hazarci 
and  others,  it  is  true  that  Bache  started  the  work  with  vision  and 
with  foresight  of  problems  which  time  did  not  permit  him  to  solve 
and  some  of  which,  indeed  are  not  yet  fully  solved. 

Bache  not  only  spent  much  time  studying  the  Girard  College 
results  but  was  responsible  for  the  installation  of  a  magnetic 
observatory  at  Key  West,  Florida,  in  1860,  where  we  would  like 
to  have  one  today.  The  value  of  his  broad  viewpoint  is  evident 
from  the  success  of  the  plan  proposed  and  partly  executed  by  L. 
A.  Bauer  under  the  general  direction  of  Henry  F.  Pritchett  for 
five  observatories,  all  with  similar  equipment,  and  the  occupation 
of  magnetic  stations,  at  least  one  in  every  count preferably  at 
the  county  seat.  All  this  provided  essential  preparation  for  the 
work  of  Bauer  and  Fleming  in  developing  the  world-wide  attack 
on  the  problems  of  geomagnetism  by  the  Department  of  Terrestrial 
Magnetism  of  the  Carnegie  Institution  of  Washington.  There 
has  ever  since  been  close  cooperation  between  the  two  organiza- 
tions and  certain  essential  public  services  could  not  have  been 
provided  without  it. 

V^'v  have  then  the  picture  of  a  few  oliserxations  near  the  coasts 
to  meet  the  needs  for  information  for  tiic  nautical  cliart  with 
gradual  extension  into  tlie  interior,  aided  by  special  surveys,  such 
as  those  by  L.  A.  Bauer  in  Maryland.  V.  K.  Xiplier  in  Missouri, 
and  by  the  State  Geological  Survey  of  North  Carolina  in  coopera- 
tion with  the  Coast  and  Geodetic  Survey.  Then  in  1899  came 
the  plan  for  extending  the  survey  to  all  parts  of  the  country  and 
territories  and  island  possessions.  During  the  period  from  1860- 
1899,  there  was  at  one  place  in  the  United  States  a  magnetic 
observatory  in  operation  though  the  place  was  shifted  a  number 
of  times  (see  p.  239).^  The  extended  plan  provided  for  2  observa- 
tories in  the  United  States  proper — Maryland  (Cheltenham  near 
D.  C),  and  Kansas  (Baldwin) — one  each  in  Puerto  Rico  (Vieques), 
Alaska  (Sitka),  and  Hawaii  (near  Ewa,  Oahu).  In  1909  an  ob- 
servatory in  Arizona  replaced  that  in  Kansas,  and  in  1926  the 
Puerto  Rico  observatory  was  moved  to  the  vicinity  of  San  Juan. 

'  H.  E,  McComb,  Geoniugnetic  Ob.scrvatories  and  Instruments,  Fntc.  Ainer.  Philos. 
Soc.,  84:  239-255  (1941). 
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The  survey  of  the  entire  United  States  has  been  a  major 
undertaking.  The  occupation  and  maintenance  of  enough  sta- 
tions for  an  area  of  3,000,000  square  miles  of  the  continental 
United  States,  not  to  mention  Alaska,  Hawaiian  Islands,  Philip- 
pine Islands,  and  smaller  island  ^?roups,  has  recjuired  thousands  of 
observations.  For  the  United  States  proper,  most  of  the  expansion 
was  between  1S99  and  1918.  Since  that  time,  principal  stress 
has  been  laid  on  maintenance. 

The  purpose  of  the  magnetic  survey  of  the  United  States  is  to 
know  for  any  given  period  what  is  the  magnetic  distribution; 
to  find  the  secular  change  over  a  given  period— usually  5  years; 
to  establish  new  stations ;  to  replace  those  which  have  been  destroyed 
or  have  become  unsuitable  for  magnetic  observations;  and  to 
survey  regions  of  magnetic  anomaly.  The  magnetic  survey  of 
the  United  States  and  of  regions  under  its  juridisdiction  consists 
of  observations  of  all  the  magnetic  elements  at  most  stations  and 
declination  only  at  others,  and  the  operation  of  magnetic  observa- 
tories at  which  are  obtained  continuous  photographic  records  of 
the  various  changes  in  geomagnetism. 

Magnetic  Stations.  A  magnetic  station  consists  of  a  marker, 
usually  a  small  concrete  monument  in  the  top  of  which  a  bronze 
disk  is  inserted  to  indicate  its  purpose  and  to  mark  the  exact 
point  over  which  the  observation  is  made.  In  addition,  there 
must  be  an  object  or  ol)ject.s  at  some  distance  whose  true  azimuths 
are  known  in  order  to  ol)tain  declination.  Observations  are  made 
of  declination,  dip,  and  horizontal  intensity.  From  these  obser- 
vations, vertical  intensity  and  total  intensity  can  be  deduced.  A 
magnetic  observatory  consists  of  a  group  of  buildings  well  provided 
with  observation  piers  on  which  are  mounted  both  variation 
instruments  for  recording  continuously  the  changes  in  all  elements 
and  absolute  instruments  with  which  observations  are  made  at 
regular  intervals  so  that  the  continuous  observations  can  be  made 
absolute — that  is,  expressed  in  absolute  units — and  also  so  that 
the  performance  of  the  various  instruments  can  be  checked. 

All  survey  and  boundary  monuments  are  subject  to  loss 
primarily  through  extension  of  civilization,  especially  construction 
work  of  all  kinds,  and  changes  due  to  nature,  as  floods,  earth- 
(juakes,  and  erosion.  Many  of  them  can  be  replaced  if  lost. 
The  magnetic  station  is  sul)ject  to  another  source  of  loss — the 
introduction  of  magnetic  material  or  of  electric  direct  currents. 
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Erection  of  buildings  nearby,  dumps  containing?  iron  or  steel, 
underground  pipes,  and  direct  current  installation  even  at  a 
distance  if  there  is  leakage,  make  an  otlierwise  satisfactory  station 
useless,  and  replacement  must  be  at  a  new  site. 

For  these  reasons  the  selection  of  magnetic  stations  at  county 
se^ts — while  logical  in  tlie  days  of  train  and  wagon  travel  and 
when  the  requirement  that  county  surveyors  should  yearly  test 
their  magnetic  compasses  was  important — was  poor  from  the 
viewpoint  of  stations  free  from  artificial  magnetic  disturbance 
and  their  preservation  in  that  condition. 

An  attempt  has  been  made  to  use  triangulation  stations  of  the 
widely  expanded  net  in  recent  years.  These  stations  have  the 
advantage  of  being  located  accurately  and  of  having  convenient 
azimuth  marks  so  that  the  observer  does  not  have  to  make  any 
astronomical  observations.  However,  though  having  the  ad- 
vantage of  being  in  the  open  country,  many  are  placed  too  near 
to  roads  whose  passing  traffic  affects  the  magnetic  field  observed. 

The  most  recent  idea  is  to  have  a  limited  number  of  sites 
chosen  with  special  care  both  for  present  and  future  effects. 

The  measurement  of  magnetism  more  resembles  that  of  the 
weather  than  the  observations  ordinarily  made  in  surveying. 
The  quantity  being  measured  is  constantly  changing  both  in  a 
partly  systematic  and  partly  irregular  way.  Some  of  the  ir- 
regular changes  are  large  and  sudden.  The  observations  at  any 
point  have  only  limited  significance  if  they  carniot  l)e  coordinated 
with  others  and  the  device  is  adopted  of  reducing  the  observations 
to  a  given  epoch.  In  this  way  only  can  magnetic  maps  be  made. 
Further,  at  times  there  may  be  considerable  change  during  the 
period  of  observation.  For  both  these  purposes  continuous  obser- 
vations are  needed  somewhere  in  the  general  region  of  the  field 
survey.  In  practice  corrections  for  diurnal  variation  of  the  decli- 
nation are  deduced  from  an  observatory,  in  many  cases  at  a  dis- 
tance, or  from  more  than  one  observatory.  The  corrections  on 
quiet  days  are  satisfactory  from  a  single  observatory  for  an  area 
the  size  of  Great  Britain,  say  within  a  radius  of  300  miles.  V. 
Vacquier  (1),  of  the  Gulf  Research  and  Development  Company, 
has  made  an  investigation  of  vertical  intensity  in  the  United 
States  and  finds  that  distance  at  which  continuous  observations 
apply,  varies  with  conditions  and  may  be  very  small.  The  actual 
distances  between  observatories  of  the  Coast  and  Geodetic  Survey 
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range  from  1700  to  2700  miles.  A  general  picture  of  their  distri- 
bution in  conjunction  with  similar  observatories  in  the  Western 
Hemisphere  is  depicted  in  Fig.  4.  In  interpolating  the  correction 
for  a  given  station  the  value  deduced  from  that  at  one  or  more 
observatories  is  adopted.    While  not  a  satisfactory  practice,  the 


Fig.  4.    Showing  distribution  of  coast  and  geodetic  survey  magnetic  observatories  in  relation  to  other 

distribution  of  observatories  is  fairly  good  if  we  include  the 
Canadian  ol)servatories  at  Agincourt  near  Toronto  and  at  Mea- 
nook,  north  of  Edmonton,  Alberta,  which  contribute  as  much  to 
the  work  in  the  United  States  as  they  receive  from  observations 
at  Cheltenham  and  Sitka.    However,  the  corrections  at  stations 
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far  from  these  observatories  are  uncertain.  For  tliis  reason  there 
is  now  in  the  process  of  development  a  portable  observatory 
which  can  be  taken  to  twenty  or  thirty  places  in  the  United 
States,  and  operated  for  several  weeks  while  the  survey  of  the 
surrounding  area  is  being  made,  thus  furnishing  better  control 
for  diurnal  variation  corrections  and  reductions  to  mean  values. 

Absolute  determination  of  vertical  intensity.    There  is  a 
problem  in  the  magnetic  survey  which  had  no  practical  importance 
until  recent  years  and  is  yet  unsolved  except  in  England  and 
Denmark.    This  is  the  measurement  of  absolute  vertical  intensity 
with  the  same  accuracy  with  which  differences  in  vertical  intensity 
from  place  to  place  can  be  measured.    The  reasons  for  this  are 
primarily  instrumental.    The  importance  lies  in  tlie  fact  that  if 
satisfactory  absolute  values  were  available,  a  vertical  intensity 
map  of  the  country  in  consitlerable  detail  could  be  made  from 
various  sources  such  as  State  (leolop;ical  Surveys  (Missouri,  for 
example)  and  various  commercial  organizations  might  be  willing 
to  release  information  that  has  lost  commercial  significance.  The 
point  is  that  these  various  surveys  cannot  be  combined  to  form 
part  of  a  national  survey  without  absolute  control. 

Recent  attempts  have  been  made  to  solve  this  problem  espe- 
cially by  E.  A.  Johnson  of  the  Department  of  Terrestrial  Magnet- 
ism, Carnegie  Institution  of  Washington,  and  V.  Vacquier,  and 
it  is  hoped  that  eventually  it  will  be  solved. 

It  is  fortunate  that  in  addition  to  vertical  intensity  being  the 
element  best  suited  to  give  information  about  magnetic  anomalies 
the  disturbance  changes  in  this  element  in  latitudes  where  most 
of  the  work  is  done  are  less  than  for  the  other  elements.  This 
advantage  decreases,  however,  with  increased  distance  from  the 
magnetic  ecjuator. 

Secular  Change.  A  magnetic  survey  is  not  like  a  geodetic 
.«!urvey.  While  having  dehnite  value  in  fixing  the  situation  at  a 
given  time,  it  is  ephemeral:  in  fact,  lliere  are  changes  before  tlie 
map  is  published.  The  >l()\v  change  of  average  values  with  time 
over  a  period  of  years  is  known  as  secular  change.  Observatory 
records  show  that  this  cliange  is  irregular  and  the  rate  of  change 
varies  with  time.  Secular  change  of  magnetic  declination  at 
United  States  observatories  is  shown  in  Fig.  5.  In  practice,  repeat 
observations  are  made  at  many  stations  throughout  the  country 
and  the  best  possible  adjustment  is  made  to  get  the  rates  of  change 
over  a  five-year  period. 
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Fig.  5.    Secular  variation  at  U.  S.  observatories. 


It  is  of  interest  that  the  standard  tables  for  secular  rhang;e 
published  by  the  Coast  and  Geodetic  Survey  begin  with  1845  or 
early  in  Bache's  career  as  superintendent  of  the  Coast  Survey. 

One  of  the  practical  uses  of  knowledge  of  secular  variation  is 
to  derive  the  values  of  the  magnetic  elements  at  a  given  place  and 
at  any  time  in  the  past  for  which  information  is  available.  Many 
persons,  including  county  surveyors,  have  made  the  erroneous 
assumption  of  uniform  rates  of  change  in  one  direction.  Fig.  6 
shows  the  successive  positions  of  the  line  of  no  change  at  ten-year 
intervals  and  that  for  many  years  the  change  was  rather  uniform — 
at  least  it  could  be  fairly  well  predicted  and  Schott  did  so.  In 
1900  a  sudden  change  occurred  and  the  line  instead  of  being  north- 
south  became  approximately  east-west.  Then  about  1935  a  tend- 
ency to  form  a  closed  loop  or  focus  began  to  develop.  The  results 
for  1940  just  becoming  available,  indicate  that  this  tendency 
still  persists  and  is  apparently  developing. 

We  do  not  know  the  fundamental  reason  for  this  change,  but 
it  is  part  of  a  world-wide  phenomenon,  as  illustrated  in  Fig.  7. 
The  lines  of  equal  annual  change  or  isopors  were  prepared  by  Fiske 
of  the  Carnegie  Institution  of  Washington  for  the  period  of  1920. 
The  maxima  are  known  as  isoporic  foci.    The  positions  of  the 
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isopors  in  the  United  States  are  influenced  by  the  South  Amei  it  an 
focus.  It  is  shown  by  the  Fiske  map  and  by  latei-  data  obtained 
for  1935  for  South  Africa  that  both  the  position  and  the  amount 
of  maximum  of  such  foci  change  with  time. 

In  spite  of  certain  defects  in  our  program  and  tlic  more  intensive 
work  in  Europe,  the  United  States  is  the  largest  area  over  which 
repeat  observations  have  been  made  for  a  period  of  40  years  with 
similar  methods  and  standards  of  accuracy  and  for  five-year 
periods. 


1927  1937 


20*        0*        20*       40'       fC  20*        0*         20'       40*  W 


FiQ.  8.    Isoporic  focu»  in  declination  at  South  Africa. 

M(i(jnetic  Anomalies.  If  the  earth  were  uniformly  magnetized, 
all  iso-magnetic  lines  would  be  regular  and  values  could  be  readily 
deduced  from  one  place  to  another.  However,  the  fact  that  this 
is  not  so  is  both  an  advantage  and  a  disadvantage.  It  is  this  lack 
of  uniformity  of  magnetization  that  makes  possible  the  magnetic 
method  of  exploration  for  oil  and  useful  minerals  or  the  deter- 
mination of  broad  geological  structure.  While  magnetic  deposits 
on  a  large  or  small  scale  are  quite  as  normal  as  their  absence,  such 
an  area  is  called  a  magnetic  anomaly.  The  effects  may  range 
from  detectible  small  differences  to  local  magnetic  poles,  as  in 
Siberia  and  Alaska.  Isogonic  lines  in  the  vicinity  of  Port  Snettis- 
ham,  southeast  Alaska,  are  shown  in  Fig.  9  while  Fig.  10  illustrates 
the  Kursk  anomaly  in  Siberia.    The  anomalies  may  be  highly 
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localized  or  spread  over  extended  areas.  Survey's  of  volcanic 
areas  have  been  made  in  Japan  and  Guatemala. 

Though  some  areas  have  been  thoroughly  examined,  most 
areas  are  partially  unexplored.  In  northern  Delaware  and  just 
west  of  Wa.->liinp;ton,  D.  C,  there  are  known  areas  of  moderate 
(listurbanre.  Missouri  has  large  disturbed  areas.  Areas  of  ex- 
tended anomalies  l)ec'ause  of  recent  or  ancient  lava  flows  on  a 
I'dT^e  scale  arc  included  in  northwestern  United  States  and  many 
parts  of  Alaska,  includiiitz;  the  Aleutian  Islands  group.  Much  of 
the  information  comes  from  declination  surveys  by  the  Coast  and 
Cleodetic  Survey  and  the  inference  is>  that  there  are  many  unde- 
tected areas  back  from  the  coast. 

In  making  magnetic  observations  in  the  held,  special  care 
must  be  taken  to  note  the  height  of  the  instrument  above  the 
ground.  Chapman  and  Bartels  (2)  state  that  if  this  precaution 
is  taken,  secular  change  will  be  found  to  be  the  same  in  disturbed 
areas  as  at  undisturbed  stations  in  the  vicinity.  In  a  highly 
disturbed  region  it  is  not  necessary,  except  in  relation  to  secular 
variation,  to  attempt  to  attain  the  customary  accuracy. 

Distrihjiliofi  of  M(i</nctic  Stations.  About  7000  stations  have 
been  occupied  in  the  I'nited  States  of  which  perhaps  4000  were 
well  marked  stations  with  all  three  elements  observed,  and  possibly 
1500  of  these  are  now  usable.  ^Ian>'  of  the  stations  were  occupied 
during  the  period  of  expansion  of  the  survey,  1S99-19I8,  and  have 
disappeared  or  are  no  longer  magnetically  suitable.  To  indicate 
present  conditions,  an  examination  within  the  past  year  indicates 
that  there  is  an  area  of  about  15,000  square  miles  in  C'aiifornia 
and  Nevada  in  which  all  previous  repeat  stations  have  become 
useless. 

Compared  with  many  countries  of  Europe  prior  to  1939  the 
survey  is  quite  inadequate  in  certain  regions.  Chapman  and 
Bartels  (2)  list  a  first-order  survey  as  having  stations  20-40  km. 
apart.  For  secular  change,  the  past  practice  has  been  to  occupy 
every  5  years  from  150  to  200  stations  scattered  more  or  less  uni- 
formly in  all  parts  of  the  country.  These  are  necessarily  occupied 
at  various  times  during  the  five-year  period.  The  ideal  plan  was 
that  followed  by  Denmark  of  occupying  about  8  stations  at  the 
close  of  a  five-year  period  but  this  is  not  practicable  with  an  area 
of  3,000,000  square  miles,  not  to  mention  Alaska  and  other  non- 
continental  areas  which  require  determination  of  secular  change. 
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There  are  variations  in  the  length  of  the  working  season  in  different 
parts  of  so  large  an  area  and  limited  funds  permit  the  use  of  not 
more  than  two  field  parties  as  a  rule. 

In  Alaska  the  prol)lems  are  similar,  with  the  added  difficulty 
that  work  must  be  done  in  a  very  short  season,  that  magnetic 
changes  are  often  large  and  rapid,  that  azimuths  are  more  difficult 
to  obtain,  and  finally  transportation  is  difficult.  Inuring  the  past 
two  years  the  ten-year  repeat  survey  was  made  chiefly  by  aero- 
plane, including  visit  to  Point  Barrow  where  observations  were 
made  in  June  under  truly  Arctic  conditions,  as  illustrated  in 
Fig.  11.    The  scope  of  the  survey  is  thus  much  extended  but  still 


Fig.  11.    Magnetic  station  at  Point  Barrow,  Alaska. 


is  limited  by  the  availabilitj-  of  landing  fields.  Lack  of  recent 
Polar  expeditions  has  handicapped  determination  of  secular  change 
in  northern  Alaska. 

In  Alaska  the  practice  of  hydrographic  and  topographic  parties 
(whicli  operate  in  general  along  the  coast)  of  making  declination 
observations  at  frequent  intervals  is  specially  important  and  has 
led  to  the  discovery  and  development  of  a  number  of  large  anoma- 
lies, both  in  area  and  intensitv.  Those  that  have  been  found 
indicate  that  there  are  many  more  in  the  great  unexplored  areas. 

Puerto  Rico  and  Hawaii  have  quite  different  weather  condi- 
tions from  Alaska  and  observations  can  be  made  at  any  time. 
However,  in  both  cases,  especially  the  latter,  there  are,  because 
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of  volcanic  formation,  only  a  few  places  coveredVleep  enoiijj^h  with 
coral  to  minimize  the  map;netic  effects  of  lava.  In  both  cases 
secular  change  is  largely  taken  care  of  by  the  observatories  which 
are  located  at  undisturbed  sites. 

In  Bache's  time  the  magnetic  survey  at  sea  had  not  been 
conceived  of  except  that  vessels  reported  the  magnetic  variations 
during  cruises — the  results  being  more  accurate  than  now  obtained 
from  the  ordinary  vessel  because  they  were  then  built  of  wood. 
Values  for  the  coastal  charts  were  deduced  as  today  from  the  land. 
It  was  recognized  that  serious  errors  were  thus  introduced,  but 
the  method  remained  unchanged  till  the  cruises  of  the  vessels  of 
the  Carnegie  Institution  of  Washington — the'  partially  non- 
magnetic Galilee  and  the  non-magnetic  Carnegie — gave  really- 
good  values.  An  important  step  in  the  development  was  the 
work  of  Bauer  and  Faris  aboard  vessels  of  the  Coast  and  Geodetic 
Survey. 

When  vessels  of  steel  construction  came  into  use,  magnetic 
observations  at  sea  were  abandoned  by  the  Coast  and  Greodetic 
Survey,  except  for  investigation  of  areas  of  large  anomaly. 

During  the  cruises  of  the  Carnegie  enough  observations  were 
obtained  in  the  United  States  waters  to  give  fairly  good  control 
of  the  secular  change:  and  various  Arctic  cruises,  particularly 
those  of  Amundsen,  performed  the  same  function  for  Alaska.  At 
present  no  observations  at  sea  are  being  made  or  have  been  made 
since  1929,  and  the  prospects  of  the  Research  becoming  available 
are  very  slight.  We  have  reverted  to  the  earliest  practice  used 
in  Bache's  time  of  extrapolating  curves  based  on  shore  observa- 
tions. This  is  particularly  unsatisfactory  in  regions  of  magnetic 
anomalies.  For  example,  the  Carnegie's  observations  in  the 
general  region  of  the  Aleutian  Islands  did  not  fit  in  well  with  the 
shore  results. 

As  a  makeshift,  the  Coast  and  Geodetic  Survey  has  made  some 
declination  observations  in  a  whaleboat  in  the  Gulf  of  Mexico 
with  surveying  vessel  operating  in  the  immediate  vicinity.  The 
results  were  fairly  satisfactory,  but  application  has  to  be  limited 
to  specially  favorable  conditions.  The  results  are  significant  in 
connection  with  the  surveys  in  the  Baltic  Sea  by  Sweden  and 
Finland,  which  resulted  in  detailed  surveys  of  all  elements  over 
a  water  area. 

The  data  are  made  available  in  the  form  of  maps  and  pubUca- 
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tions.  Declination  maps  are  issued  for  the  Unitcnl  States  and 
immediately  adjacent  parts  of  Canada  and  Mexico  every  five 
years,  as  for  example,  January  1,  1940,  now  in  preparation.  Maps 
of  all  the  elements  are  issued  every  ten  years.  The  repeat  pro- 
grams are  carried  out  so  as  to  provide  the  best  possible  data. 

In  spite  of  the  impossibility  of  having  the  observations  near 
the  end  of  the  period,  an  effort  is  made  to  approximate  this, 
especially  by  making  observations  right  through  the  course  of  the 
year  for  which  the  chart  is  to  be  published.  This  delays  issue  of 
the  maps  somewhat  but  is  unavoidable  if  the  chjirt  is  to  have  rea- 
sonably correct  annual  rates  of  change.  Each  observation  is 
reduced  to  epoch  as  best  possible  and  the  lines  of  equal  intensity 
(isomagnetic  lines)  and  lines  of  equal  change  (isopors)  can  then  be 
drawn.  On  the  present  maps,  in  spite  of  more  observations, 
there  is  some  smoothing  so  that  the  full  complications  are  not 
shown.    This  can  only  be  done  on  a  very  large  scale  map. 

Uses  of  (reomagnetism.  One  of  the  earliest  uses  of  geomagnet- 
ism on  land  is  in  connection  with  land  surveys.  Magnetic  in- 
struments were  used  to  lay  out  Philadelphia;  George  Washington 
made  land  surveys  with  a  magnetic  compass;  and  the  entire  group 
of  eastern  and  southeastern  states  was  surveyed  originally  in  this 
way.  Laws  of  many  states  require  county  surveyors  to  test  their 
compasses  at  regular  intervals  and  such  instruments  are  still 
much  used.  The  Coast  and  Geodetic  Survey,  having  compiled 
all  available  information  as  far  back  as  1750  for  parts  of  the 
country,  is  constantly  called  upon  to  give  the  changes  over  specified 
periods.  Even  though  misunderstanding  of  the  complexities  of 
secular  change  cause  confusion,  it  is  usually  possible  to  find  out 
how  to  rerun  old  lines  and  relocate  missing  corners.  Compasses 
are  much  used  for  orientation  and  knowledge  of  approximate 
declination  is  useful.  Declination  and  rates  of  change  are  given 
on  all  the  aeronautical  charts.  The  question  has  been  raised  as 
to  how  high  anomalies  have  effect  in  distorting  the  average  values 
and  this  is  being  investigated.  At  sea  and  on  the  Great  Lakes 
compass  data  are  needed  for  navigation.  The  normal  values  are 
sriven  on  all  mariners'  charts  and  disturbed  areas  are  indic{ited. 
These  tell  the  mariner  where  he  cannot  depend  on  his  compass 
for  navigation  and  other  lesser  anomalies  where  compass  devia- 
tions should  not  be  determined.  Many  charts  and  coast  pilots 
give  such  information,  especially  in  Alaska. 
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While  the  gyro  compass  is  much  used,  it  has  not  superseded 
the  magnetic  compass  but  rather  increased  its  importance  as  the 
two  devices  are  subject  to  different  kinds  of  interference  with  their 
effectiveness. 

Tlie  al)Sohite  vertical  intensity  data,  while  not  having  the 
same  accuracy  as  the  relative  values,  have  several  uses  in  con- 
nection with  magnetic  prospecting — first,  to  give  an  approximately 
correct  absolute  value,  and  second,  to  aid  in  arriving  at  the  average 
value  for  a  region  on  which  to  compute  anomalies.  There  are 
important  scientific  uses  of  observatory  data.  Among  these 
should  be  mentioned  scientific  knowledge  of  distribution  of  and 
changes  in  the  earth's  field  for  development  of  theories;  and 
especially  furnishing  data  regarding  magnetic  conditions  useful 
in  connection  with  radio  transmission — especially  the  three-hour- 
range  indices.  Communication  services,  whether  private  or 
Government,  make  constant  use  of  these  data. 

The  maintenance  of  the  magnetic  survey  requires  constant 
struggle.  Stations  disappear  or  become  disturbed;  magnetic  in- 
struments deteriorate ;  magnetic  material  must  be  rigidly  excluded 
from  the  vicinity  of  the  instrument;  and  magnetic  parts  must  be 
removed  from  the  instruments  themselves.  Dampness  must  be 
kept  to  a  reasonable  minimum. 

Among  the  important  needs  of  the  Survey  arc  included: 
Replacement  of  equivalent  of  old  survey;  new  stations  to  improve 
spacing;  adoption  of  portable  ol)servatory  plans  and  stations 
selected  with  special  care;  investigation  of  possil)le  observation 
at  night,  when  conditions  are  usually  less  disturbed,  by  use  of 
light  introduced  without  heat  or  magnetic  effect;  bringing  and 
keeping  publication  of  observatory  results  up  to  date;  more 
research  in  regard  to  information  given  by  observatories;  a  non- 
magnetic survey  vessel;  a  cooperative  survey  to  provide  data  for 
new  magnetic  charts  of  the  Caribbean  (old  chart  of  1915  entirely 
out  of  date);  precise  absolute  measurement  of  vertical  intensity 
in  observatory  and  field;  and  new  instruments  of  modern  design. 

It  seems  that  the  attitude  of  Bache  when  the  magnetic  survey 
was  new  must  still  be  maintained. 
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It  has  l^een  said  that  less  glory  has  accrued  to  the  name  of 
Alexander  Dallas  Bache  because  his  work  was  connected  with 
the  Karth-sciences,  these  sciences  being  less  fruitful  and  spectacular 
than  other  branches  of  research.  This  statement  is  only  partly 
true  as  it  leads  to  incorrect  inferences  regarding  the  importance 
of  geophysics  to  the  advancement  of  knowledge  and  the  application 
of  this  knowledge  to  the  bettermeat  of  mankind. 

Truly,  advances  in  geophysics  are  less  spectacular  than  those 
in  many  departments  of  physics.  They  are  the  result  of  lengthy, 
painstaking  efforts  distributed  faithfully  over  many  decades.  The 
geophysicist  may  not  hope  by  means  of  a  clever,  brief  experiment 
to  discover  a  new  and  fundamental  law  df  physics  (which  in  a  few 
years  may  be  proved  false  by  another  clever,  brief  experiment). 
Yet  there  are  problems  in  geophysics  of  such  extent  and  profundity 
that  solution  of  one  of  these  would  assure  everlasting  fame  for  the 
fortunate  investigator  who  might  accomplish  it. 

Geophysics  has  not  been  unfruitful  in  contributing  to  the 
advancement  of  mankind.  As  an  example  of  a  great  contribution 
we  have  the  magnetic  compass  which  has  guided  the  travels  of 
man  for  many  centuries  on  land  and  on  sea,  and  now  even  in  the 
air,  and  which  remains  today  one  of  the  most  important  of  naviga- 
tional instruments  in  spite  of  the  strong  competition  being  ofTered 
it  by  the  far  more  elaborate  and  expensive  gyrocompass.  That  the 
magnetic  compa>s  has  faults  one  must  admit,  Init  these  faults 
are  far  more  frequently  due  to  careless  construction  and  installation 
than  to  defects  inherent  in  its  basic  principle.  The  mariner's 
compass  is  a  precise  instrument  for  navigation;  usually  it  receives 
less  care  and  attention  than  a  cheap  alarm  clock,  and  yet  it  per- 
forms its  function  faithfully. 

In  order  that  the  magnetic  compass  may  attain  its  maximum 
utility,  a  knowledge  of  the  direction  of  the  magnetic  force  at  all 
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places  on  the  Earth's  surface  is  necessary,  and,  since  this  force 
is  slowly  but  constantly  changing  in  direction  and  intensity, 
continual  ol)servations  of  it  must  be  maintained.  Although  ob- 
servations extend  over  four  centuries,  no  definite  law  of  tliese 
changes  has  l^een  discovered — the  changes  are  too  complicated, 
and  perspective  too  limited  to  admit  even  today  of  much  more 
than  a  descriptive  model  of  the  phenomena.  And  this  again 
emphasizes  the  long-time  requirements  of  geomagnetic  research. 
This  meeting  is  being  held  to  commemorate  the  initiation  of 
systematic  magnetic  observations  in  this  country  by  Alexander 
Dallas  Bache  one  century  ago  in  the  heroic  age  of  geomagnetism 
when  such  immortals  as  Gauss  and  Sabine  pondered  on  the  causes 
and  found  no  answer.  Today,  with  the  additional  data  compiled 
during  the  last  century,  we  still  do  not  know.  But  one  fact  is 
evident — never  in  the  present  age  of  science  will  the  complete 
picture  of  the  gradual  changes  of  geomagnetism  unfold  before  our 
eyes. 

Is  our  problem,  then,  hopeless  of  solution?  We  think  not, 
for  the  geomagnetician  has  taken  a  hint  from  the  biologist  who, 
being  unable  to  observe  directly  the  evolution  of  the  various  forms 
of  life,  seeks  the  necessary  evidence  in  the  fossil  remains  of  past 
ages.  Just  as  rocks  preserve  a  record  of  the  evolution  of  various 
forms  of  life,  so  also  they  seem  to  have  preserved  a  record  of  the 
evolution  of  the  Earth's  magnetic  held. 

This  investigation  is  not  new.  Half  a  century  ago  studies 
were  made  on  ancient  bricks  and  potteries  and  on  the  magnetiza- 
tion of  volcanic  rocks.  The  results  of  the  studies  on  volcanic 
rocks  led  to  weird  conclusions,  the  weirdest  of  which  was  that  in 
a  not  too  distant  past  the  direction  of  the  Earth's  field  was  com- 
pletely reversed.  It  is  assumed  that  volcanic  rocks,  on  cooling, 
become  magnetized  in  a  direction  which  coincides  with  the  direction 
of  the  Earth's  magnetism  at  that  place  when  the  rocks  cooled. 
But  in  many  cases  the  rocks  may  have  become  magnetic  before 
they  found  their  final  resting  places,  thus  leading  to  ambiguous 
results. 

No  suggestion  that  the  direction  of  the  Earth's  field  was 
completely  reversed  is  to  be  found  in  historic  records  of  geo- 
magnetic observations.  Reliable  o])servations  at  a  number  of 
places  extend  back  over  four  centuries.  They  show  that  large 
changes — as  great  as  35°  in  the  direction  of  the  horizontal  com- 
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Fio.  1.    Secular  variation  in  magnetic  declination  and  inclination  at  London, 

Boston,  and  Baltimore. 


ponent  in  200  years — have  occurred.  But  there  is  no  suggestion 
of  a  complete  reversal  in  direction.  A  systematic  study  of  the 
direction  of  the  Earth's  magnetism  in  past  geologic  ages  based  on 
the  residual  magnetism  of  rocks  would  clear  up  this  important 
point  and  establish  the  necessary  conditions  which  any  theory 
of  the  geomagnetic  field  and  its  secular  variation  must  fulfil. 
Fortunately  suitable  rocks  are  readily  available  for  the  prosecution 
of  this  investigation — the  varved  Pleistocene  clays  left  at  the 
retreat  of  the  last  glaciation.  These  clays  are  adaptable  to  this 
study  for  a  number  of  reasons:  They  are  unmetamorphosed  and 
have  retained  essentially  the  same  directions  in  geographic  space 
ever  since  their  deposition;  they  exhibit  distinct  layering,  each 
layer  corresponding  to  a  year,  so  that  the  relative  date  of  each 
layer  may  be  determined;  their  chronology  for  7,000  years  has 
been  reliably  established  by  Antevs.  The  magnetic  properties  of 
these  clays  are  due  to  the  presence  of  finely-divided  particles  of 
ferromagnetic  material,  presumably  magnetite  which  abounds  in 
the  hills  over  which  the  ice-sheets  passed.  During  the  summer 
thaws  these  particles  were  washed  into  the  calm  waters  of  the 
terminal  lakes  where  they  settled  to  the  bottom.  Large  particles 
being  deposited  at  first  and  finer  particles  during  the  ensuing 
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Fig.  2.    Sample  of  varved  clay. 

winter  gave  rise  to  the  distinct  varying.  The  magnetic  particles, 
as  they  settled  to  the  bottom,  aligned  themselves  with  the  Earth's 
field  at  that  time,  behaving  like  minute  compasses.  Subsequent 
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deiK>sitions  locked  these  particles  in  place,  thus  preserving  a 
record  of  the  direction  of  the  ma^i^netic  field  at  the  time. 

These  clays,  like  most  sedimentary  rocks,  are  only  slightly 
magnetic  as  compared  with  volcanic  rocks.  However,  their 
magnetization  may  be  readily  measured  by  a  newly  developed 
technicjue  which  is  due  in  the  larger  part  to  my  colleague,  E.  A. 
Johnson,  who  has  been  working  with  me  on  investigating  the 
magnetization  of  these  clays. 

After  these  clays  have  been  collected — care  being  taken  to 
avoid  all  proximity  to  magnetic  materials  throughout  the  process — 
they  are  cut  into  cubes,  the  faces  of  which  are  aligned  in  a  known 
geographic  direction  in  situ.  The  cubes  are  then  rotated  in  a  coil 
to  determine  their  magnetization  without  exposing  them  to  any 
artificial  magnetic  field — a  fault  inherent  in  the  method  of  measure- 
ment of  most  previous  investigators. 

Results  of  these  measurements  have  been  highly  consistent. 
Directions  of  magnetization  in  adjacent  annual  layers  agree  with 
each  other  to  within  the  limits  of  observational  accuracy,  consider- 
ing the  difficulties  involved  in  squaring  off  and  properly  aligning 
the  faces  of  the  cubes.  The  directions  of  magnetization  in  widely 
separated  layers,  corresponding  to  different  years,  may  differ 
considerably.  Agreement  between  separate  specimens  from  the 
same  layers  has  been  very  good,  even  though  the  sites  from  which 
the  specimens  were  obtained  were  several  miles  apart.  Measure- 
ments, which  reveal  similar  results,  have  been  made  on  core- 
samples  obtained  from  the  ocean-bottom.  However,  with  these 
core-samples  it  has  not  been  possil)le  as  yet  to  refer  the  observed 
direction  of  magnetization  to  a  fixed  geographic  direction  nor  to 
estabUsh  either  a  relative  or  absolute  time-scale. 

Interpreting  these  measurements  as  observations  on  the  direc- 
tion of  the  Earth's  magnetism  in  past  geologic  ages,  we  may 
conclude  that,  during  the  period  investigated,  the  direction  of  the 
field  was  not  remarkably  different  from  what  it  is  today,  and  that 
changes  were  taking  place  similar  in  magnitude  and  rate  to  those 
which  have  been  observed  during  historic  times. 

One  may  appropriately  raise  a  question  as  to  whether  or  not 
the  magnetization  of  these  varves  as  measured  today  closely 
corresponds  to  the  magnetization  they  acquired  at  formation. 
In  support  of  the  belief  that  they  do  is  the  fact  that  the  coercive 
force  of  the  clays  is  very  high,  so  that  an  extremely  strong  magnetic 
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field  is  required  to  alter  their  magnetization.  The  observations 
themselves  supply  the  evidence  that  the  clays  are  not  randomly 
magnetized.  If  the  Earth^s  magn<etism  had  slowly  altered  their 
original  magnetization  during  the  thousands  of  years  that  they 
have  lain  in  their  present  beds,  tending  to  make  the  direction  of 
their  magnetization  regress  toward  the  present  direction  of  the 
Earth's  field,  large  differences  in  the  direction  of  magnetization 
for  layers  differing  in  ages  by  one  or  two  hundred  years  in  ten 
thousand  would  not  be  expected.  In  short,  by  a  process  of  ex- 
haustion of  possible  causes,  one  is  compelled  to  the  belief  that  only 
the  Earth's  magnetic  field  at  the  time  of  their  formation  could  l)e 
responsible  for  tlie  directions  of  magnetization  observed  in  the 
clays  today,  and  hence  that  the}^  portray  to  a  high  degree  of 
fidelity  the  changes  in  the  Earth's  magnetism  during  past  geologic 
ages. 

Information  derived  from  the  study  of  fossil  magnetism  permits 
a  more  complete  description  of  the  Earth's  field  and  its  changes 
than  has  been  possible  before — a  description  which  is  essential  to 
the  formulation  of  a  theory  regarding  its  cause  and  origin.  If,  as 
was  suggested  by  observations  on  the  magnetization  of  volcanic 
rocks,  the  Earth's  field  has  been  completely  reversed  in  past 
geologic  times,  one  type  of  theory  must  be  proposed.  But  if,  as 
is  supported  by  the  evidence  from  the  varved  clays,  the  Earth's 
field  has  remained  relatively  constant  throughout  time,  changing 
only  in  minor  particulars,  then  a  different  type  of  theory  is  re- 
quired. The  evidence  furnished  by  the  varved  clays  fits  well  into 
a  general  concept  derived  from  our  present  knowledge  regarding 
the  spacial  distribution  of  the  field  and  of  its  secular  change. 

Extensive  data  on  secular  change  have  been  compiled  by  Fisk. 
He  demonstrated  that  secular  change  is  essentially  a  regional 
phenomenon.  There  are  large  areas,  continental  in  extent,  where 
the  magnetic  force  is  increasing  and  corresponding  areas  where  it 
is  decreasing.  The  most  satisfactory  representation  of  these 
changes  on  a  world-wide  scale  is  obtained  by  an  isoporic  chart 
for  vertical  intensity,  that  is,  a  chart  on  which  appear  contour- 
lines  of  equal  annual  change  in  that  element.  Examination  of 
this  chart  reveals  several  centers  where  the  rate  of  change  is  a 
maximum.  Bearing  in  mind  the  distinctive  features  of  this  chart, 
attention  may  be  directed  to  another. 

As  is  well  known,  the  Earth's  magnetism  may  be  represented 
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to  a  fair  approximation  by  the  magnetic  field  of  a  uniformly 
magnetized  sphere,  or,  what  is  its  equivalent,  the  magnetic  field 
of  a  small  but  powerful  magnetic  dipole  at  the  center  of  this  sphere. 
Such  a  representation  accounts  for  only  80  per  cent  of  the  field. 
The  remaining  20  per  cent,  or  residual  field,  when  plotted  shows  a 
striking  relationship  to  the  secular-variation  field.  This  is  best 
seen  in  vertical  intensity.  There  is  not  an  exact  correspondence 
between  the  secular-variation  field  and  residual  field — maxima  in 
the  secular-variation  field,  that  is,  regions  where  the  field  is 
changing  most  rapidly,  occur  near  the  zero-lines  of  the  residual 


1 

I  Fig.  o.    Isoiwric  chart  for  vertical  intensity  (lines  of  equal  annual  change)  ap- 

proximate epoch  1920-25  (position  of  isopors  in  high  latitudes,  especially  near  the 
nnagnetic  poles,  very  xincertain). 


field  and  zero-lines  in  the  secular-variation  field  pass  near  maxima 
in  the  residual  field.  The  dominant  features  of  both  fields  are 
similar  in  extent  and  general  form. 

Both  the  residual  field  and  the  secular-variation  field  may  be 
reproduced  to  within  the  accuracy  of  the  observations  by  a  few 
appropriately  disposed  dipoles.  Although  such  a  representation 
is  not  unique,  a  set  of  optimum  positions  can  be  determined  so 
that  the  smallest  possible  number  of  dipoles  is  employed.  Simpli- 
fying this  model  as  much  as  possible,  all  these  dipoles  are  located 
at  the  same  depth,  midway  between  the  center  and  the  surface  of 
the  Earth,  and  have  their  axes  directed  along  radii.  Furthermore, 
all  the  dipoles  of  the  secular-variation  field  are  of  equal  strength. 
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Fig.  6.    Observed  residual  field  in  vertical  magnetic  intensity  (obser\'ed  field 
minus  eccentric-diix)Ie  field);  contour-interval  2OOO7  (2  X  lO  ^CGS). 
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Fia.  7.  Reproduction  of  residual  field,  epoch  1922,  in  vertical  magnetic  intensity 
by  14  radial  dipoles  on  surface  of  Earth's  core  at  locations  marked  by  dots,  strength 
of  dipxjles  given  in  lO^*  CGS  [4-  indicates  north-seeking  end  downward;  contour-interval 
20007'  (2  X  10-*  CGS)]. 


Fig,  8.  Reproduction  of  yearly  secular  variation,  epoch  1920-25,  vertical  mag- 
netic intensity  by  13  radial  dipoles  of  uniform  strength  (0.137  X  10"  CGS)  on  surface 
of  Earth's  core  at  locations  shown  by  dots  [-f  indicates  north-seeking  end  downward; 
contour-interval  2O7  (2  X  lO  *  CGS)]. 

while  the  dipoles  of  the  residual  field  are  each  about  100  times  as 
strong  as  the  secular-variation  dipoles. 

Stated  in  other  words,  the  Earth's  field  and  its  secular  variation 
at  the  present  epoch  may  be  represented  by  (1)  a  small  but  power- 
ful magnet  near  the  center  of  the  Earth  to  produce  the  uniform 
field,  (2)  a  set  of  14  considerablj-  weaker  magnets  appropriately 
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located  midway  between  the  center  and  the  surface  (that  is,  at 
the  discontinuity  between  the  Earth's  presumably  fluid  core  and 
the  mantle)  with  their  north  poles  directed  toward  or  away  from 
the  center,  to  produce  the  residual  field,  and  (3)  the  yearly  addition 
of  a  set  of  13  magnets  all  of  the  same  strength  and  about  one- 
hundredth  as  strong  as  the  magnets  of  the  residual  field  and  in 
general  midway  between  them  to  produce  the  secular  variation. 

Clearly,  the  continual  addition  of  the  secular-change  dipoles  for 
a  long  time  would  build  up  a  new  residual  field  after  about  a 
century  which  would  differ  markedly  from  the  one  existing  at  the 
present  time.  Therefore,  continuation  of  secular  change  for  more 
than  a  century  or  two  in  the  same  sense  seems  unlikely — changes 
in  secular  change  must  occur.  Historic  records  favor  this  view, 
since  at  no  point  do  we  have  evidence  that  large  secular  changes 
have  continued  in  the  same  sense  for  longer  periods.  Although 
the  compass-direction  at  London  changed  35° — from  11°  east  to 
24°  west — between  the  years  1600  and  1800,  both  before  and  after 
those  years  the  change  was  in  the  opposite  direction.  Such  is  also 
the  evidence  supplied  by  the  varved  clays  that,  although  large 
changes  have  occurred  with  relative  rapidity,  these  changes  have 
not  continued  in  the  same  sense  for  a  long  enough  time  to  alter 
the  main  aspects  of  the  Earth's  field. 

This  concept  which  has  been  presented  is  only  a  model.  The 
Earth's  magnetism  cannot  be  due  to  concentrations  of  magnetic 
matter  at  individual  points,  but  such  concentration  of  matter  at 
points  constitutes  a  limiting  case.  Thus  the  residual-field  dipoles 
at  the  surface  of  the  Earth's  core  are  symbolic  representations  of 
extensive  regions  of  magnetization  existing  at  lesser  depths,  and 
the  seculai-variation  dipoles  correspond  to  the  growth  or  decay  of 
magnetization  on  the  edges  of  these  systems.  According  to  this 
concept,  secular  variation  consists  of  a  migration  of  the  regions 
of  magnetization  which  give  rise  to  the  residual  field.  Representa- 
tion of  these  regions  by  dipoles  at  the  surface  of  the  Earth's  core 
establishes  their  limiting  lower  depth — the  regions  themselves 
must  be  nearer  the  surface,  namely,  in  the  rocky  mantle  of  the 
Earth.  An  excellent  picture  of  the  migration  of  those  regions  is 
revealed  by  magnetic  charts  of  the  residual  field  for  various  epochs. 
Distinct,  progressive  changes  in  location  and  extent  of  these 
regions  are  evident. 

Thus,  from  the  accumulated  evidence  of  lengthy  series  of 
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painstaking  observations  extending  over  several  liunclrcd  years  in 
time  and  over  millions  of  square  miles  of  the  Eartii's  surface,  a 
more  coherent  picture  of  the  Earth's  magnetic  field  and  its  secular 
variation  is  presented  than  was  obtainable  before.  The  general 
features  of  this  picture  are  supported  by  the  evidence  derived 
from  the  study  of  magnetization  in  varved  clays  which  permits 
extension  of  the  picture  backward  into  past  geologic  ages.  Fur- 
ther, and  perliaps  new  and  vital  evidence  will  develop  with  the 
continuance  of  the  investigation  of  fossil  magnetism. 


GEOMAGNETIC  OBSERVATORIES  AND  INSTRUMENTS 


H.  £.  MCCOMB 

Chief,  Section  of  Observatories  and  Equipment,  United  States 
Coast  and  Geodetic  Survey 

{Read  February  14t  1941,  in  Symponum  on  Oeomagnetism) 

The  first  magnetic  observatory  in  the  United  States  was 
erected  at  Girard  College,  Philadelphia,  in  1838  under  the  direction 
of  Alexander  Dallas  Bache.  Systematic  magnetic  observations 
in  this  observatory  were  started  in  May  1840  and  were  continued 
for  six  years.  With  his  usual  interest,  care,  and  foresight  in 
scientific  work,  Professor  Bache  exercised  every  reasonal)le  pre- 
caution to  see  that  the  observatory  and  auxiliary  equipment 
were  constructed  of  nonmagnetic  materials.  Using;  eye-reading 
instruments,  designed  by  Gauss  and  constructed  in  CJottingen, 
ohsorvations  were  made  every  hour  throughout  the  day  for 
magnetic  declination  and  horizontal  intensity,  with  some  inter- 
ruptions, of  course.  Later,  a  vertical  intensity  instrument,  de- 
signed by  Professor  Lloyd,  was  obtained  and  placed  in  operation. 
The  plan  of  the  observatory  and  the  arrangement  of  the  instru- 
ments are  shown  in  Fig.  1.  Compared  with  modern  observatory 
variometers,  the  instruments  were  quite  massive.  The  magnet 
of  the  horizontal-component  instrument  weighed  25  pounds  and 
was  oriented  and  held  in  the  magnetic  prime  vertical  by  torque 
appUed  through  a  bi-filar  suspension  composed  of  bundles  of  silk 
fibers.  In  this  early  work  particular  attention  was  given  to  the 
matter  of  proper  orientation  of  the  magnets  responding  to  the 
different  components. 

During  the  term  of  office  of  Bache  as  Superintendent  of  the 
Coast  Survey,  the  results  of  all  the  observations  made  at  Girard 
College  Observatory  and  the  results  of  the  early  magnetic  survey 
of  Pennsylvania  were  published  in  the  annual  reports  of  the 
Superintendent  for  1859  and  1862.  In  some  of  this  field  work 
there  was  used  a  large  declinometer  which  has  come  to  be  known 
as  the  Bache  magnetometer  (Fig.  2).   It  is  of  interest  to  compare 
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this  instrument  with  the  theodolite  magnetometer  designed  and 
constructed  by  the  Coast  and  Geodetic  Survey  in  1891  (Fig.  3). 

In  this  early  magnetic  work  it  soon  became  evident  that  it 
would  be  quite  desirable  to  provide  self-recording  instruments, 
and  in  this  way  eliminate  much  of  the  strenuous  observing  program 
and  at  the  same  time  provide  more  complete  pictures  of  the 
changes  in  the  magnetic  elements.    Accordingly,  an  observatory 


Fro.  2.  Bache  Magnetometer  as  used  by  Professor  Bache  from  1840  to  1843  in 
hvi  magnetic  survey  of  Pennsylvania.  Instrument  manufactured  by  Gambey  of  Paris. 
Photo  by  Dept.  Terr.  Mag.,  C.  I.  W. 

for  this  purpose  was  constructed  on  the  grounds  of  the  Smithsonian 
Institution  in  Washington  in  1852  and  the  first  recording  variom- 
eter, known  then  as  a  self-registering  declinometer,  was  installed 
and  placed  in  experimental  operation  the  following  year. 

These  same  instruments,  originally  constructed  by  Mr.  Charles 
Brooke  of  London,  were  somewhat  improved  and  installed  in  a 
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magnetic  observatory  in  Key  West,  Florida,  where  a  rather 
complete  series  of  photographic  records  was  obtained  from  1860 
to  1866.  The  photographic  paper  was  sensitized  at  the  observa- 
tory as  needed.  An  attempt  was  made  to  provide  temperature 
compensation  on  the  intensity  instruments.    For  the  bifilar  hori- 


Fig.  3.    Theodolite  magnetometer  designed  and  constructed  by  the  U.  S. 
Coast  and  Geodetic  Survey  in  1891  for  field  observations. 


zontal  intensity  instrument,  the  compensating  device,  consisting 
of  tubes  of  zinc  and  glass,  was  attached  between  the  suspensions 
and  the  magnet  in  such  a  manner  that  the  distance  between  the 
two  bundles  of  fibers  of  the  bifilar  suspension  varied  continuously 
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as  the  temperature  changed.  This  was  contrived  by  utiHzing  the 
differential  expansion  of  the  glass  and  the  zinc.  The  resulting 
changes  in  torque  of  the  suspension  were  supposed  to  compensate 
for  the  changes  in  the  magnetic  moment  of  the  suspended  magnet, 
but  the  method  did  not  prove  to  be  satisfactory.  A  mercury 
thermometer  attached  to  the  recording  magnet  of  the  vertical- 
component  variometer  was  supposed  to  provide  temperature  com- 
pensation for  this  element,  but  it  too,  was  not  of  practical  value. 

In  1877  the  magnetograph  formerly  in  operation  at  Key  West 
was  installed  at  the  University  of  Wisconsin  at  Madison,  where  an 
observatory  was  maintained  until  1881. 
I        For  various  periods  between  1860  and  1883  observatories 
i    equipped  with  eye-reading  instruments  were  operated  inter- 
I    mittently  at  Eastport,  Maine;  Portland,  Maine;  Washington, 
D.  C. ;  Point  Barrow,  Alaska ;  and  at  Fort  Conger,  Grinnell  Land. 

In  1882  a  new  magnetic  observatory  was  constructed  by  the 
Survey  on  the  grounds  of  the  Branch  State  Normal  School  in  Los 
'    Angeles,  California,  and  the  following  year  an  Adie  magnetograph, 
purchased  during  the  Civil  War  (Fig.  5)  was  placed  in  operation 


Fio.  6.    Magnetic  variation  observatory  at  Tucson,  Arizona. 
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and  continuous  records  obtained  for  about  seven  years.  The 
instruments  were  then  moved  to  a  new  observatory  in  San  Antonio, 
Texas,  where  they  were  operated  from  1890  to  1895  at  two  different 
sites  in  succession.  The  baneful  effects  of  ground  currents  from 
an  electric  railway  system  were  here  well  brought  out. 

Through  the  efforts  of  Bauer,  who  was  in  charge  of  the  magnetic 
work  of  the  Coast  and  Geodetic  Survey  from  1899  to  1904,  five 
magnetic  observatories  equipped  with  improved  magnetographs 
were  established  in  various  parts  of  the  United  States  and  its 


Fio.  8.    Aerial  view  of  Huancayo  magnetic  observatory,  Huancayo,  Peru. 
(Courtesy  of  Dept.  Terr.  Mag.,  C.  I.  W.) 


po8ses.sions.  When  he  became  Director  of  the  Department  of 
Terrestrial  Magnetism  of  the  Carnegie  Institution  of  Washington 
in  1904,  that  Institution  established  observatories  in  Peru  and 
Australia.  In  the  meantime,  of  course,  the  magnetic  work  had 
been  expanding  in  other  nations  all  over  the  world  so  that  today, 
under  normal  conditions,  there  are  in  operation  about  60  per- 
manent or  sub-permanent  magnetic  observatories.  In  the  con- 
•^truction  of  these  modern  observatories,  considerable  attention  is 
given  to  the  matter  of  insulation  against  temperature  changes  as 
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well  as  to  provide  effective  temperature-compensating  devices  on 
the  intensity  variometers  (Fig.  9). 

Except  for  the  field  instruments  designed  and  constructed  by 
the  Survey  and  by  the  Department  of  Terrestrial  Magnetism  of 
the  Carnegie  Institution  of  Washington  for  their  observatories, 
practically  all  the  observatory  instruments  have  been  obtained 
from  Europe.  Among  these  may  be  listed  the  Schulze  earth 
inductor  for  reasonably  accurate  determination  of  magnetic  dip 
(Fig.  10);  the  Cooke  magnetometer  (Fig.  11);  the  Eschenhagen 


Fig.  10.    Schulze  Earth  Inductor  for  use  in  measuring  magnetic  inclination. 
(Courtesy  of  Dept.  Terr.  Mag.,  C.  I.  W.) 


magnet ograph ;  the  la  Cour  magnetograph ;  and  the  Askania  field 
balance.  One  of  the  latest  instruments  for  convenient  and  rapid 
comparison  of  horizontal  intensity  at  two  adjacent  stations  or  at 
two  stations  remote  from  each  other  is  the  Quartz  Horizontal 
Magnetometer,  commonly  called  the  QHM  (Fig.  12).  This  in- 
strument was  designed  by  Dr.  la  Cour  of  the  Danish  Meteorological 
Institute.  It  is  primarily  a  torsion  instrument,  the  quartz  fiber 
supporting  the  magnet  being  attached  to  the  magnet  holder  and 
to  the  torsion  head  in  a  unique  manner  to  prevent  slipping  of  the 
fiber  when  under  torsion  (Fig.  13). 

For  precise,  routine  measurements  of  horizontal  intensity  the 
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Fig.  11.    Cooke  magnetometer  as  modified  by  Coast  and  Geodetic  Survey.  Apparatus 
for  determination  of  induction  coefTifients  mounted  on  special  deflection  bar. 
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Fig.  12.  Quartz  horizontal  maKnetf)metcr  as  designed  by  Dr.  la  Coiir,  Danish 
Meteorological  Institute,  and  installed  on  si)ecial  base  by  C.  and  G.  Survey.  Useful 
in  determining  relative  values  of  horizontal  intensity  to  a  high  degree  of  accuracy. 
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sine  galvanometer,  as  designed  and  constructed  several  years  ago 
by  the  Department  of  Terrestrial  Magnetism  of  the  Carnegie 
Institution  of  Washington,  has  been  in  routine  operation  at 
Cheltenham  Observatory  for  about  six  years  (Fig.  16).  Similar 
instruments  are  in  use  at  several  foreign  observatories. 


Fig.  13.    Method  of  attachment  of  la  Cour  suspensions.   The  end  of  the  quartx 

fiber  is  about  one  milJimeter  in  diamptor  and  the  tapered  portion  fits  into  a  conical  cup. 
Friction  is  sufficient  to  prevent  slipping  of  the  fiber  when  placed  under  torsion. 

It  is  possible  to  measure  horizontal  intensity  with  sufficient 
precision  for  all  practical  purposes.  One  of  the  remaining  unsolved 
problems  (at  least  in  this  country)  is  that  of  the  absolute  determi- 
nation of  vertical  intensity  to  the  same  precision  that  is  now  pos- 
sible for  horizontal  intensity.  A  precision  instrument  for  this 
purpose  is  now  under  construction  in  the  magnetic  laboratory  of 
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Fio.  14.  Early  type  of  relative  intensity  instrument,  the  torsion  being  supplied 
by  a  spiral  spring  mounted  below  the  magnet.  Torsion  angles  observed  at  lower  end 
of  the  spiral  spring.    (Courtesy  of  the  American  Philosophical  Society.) 


Fig.  15.  Vertical  intensity  magnetic  variometer,  la  Cour  type,  as  modified  by 
C.  and  G.  Survey  for  magnetic  temperature  compensation  and  magnetic  sensitivity 
control.    Now  in  operation  at  Honolulu  Magnetic  Observatory. 


254 


H.  E.  McCOMB 


the  Department  of  Terrestrial  Magnetism  of  the  Carnegie  Institu- 
tion of  Washington  and  it  is  hoped  that  it  will  be  av-ailable  soon. 

At  the  Survey  observatories,  hourly  values  of  H  and  Z  are 
scaled  directly  in  gammas  and  the  values  of  D  in  minutes  of  arc, 


Fio.  16.  Sine  galvanometer  for  precise  determination  of  horizontal  intensity. 
Instrument  constructed  by  Dept.  Terr.  Mag.,  C.  I.  W.  and  now  in  operation  at  Chelten- 
ham Magnetic  Observatory. 

thus  eliminating  many  steps  in  the  reduction  process  (Fig.  17). 
Final  results  from  magnetic  observatories  and  results  of  observa- 
tions made  in  the  field  are  tabulated  and  published  in  form  con- 
venient for  use  by  the  public. 
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Fig.  17.  Magnetogram  mounted  on  special  scaling  board  for  direct  scaling  of 
magnetograms  in  gammas  for  the  intensity  records  and  minutes  of  arc  for  the  declination 
records.    In  use  at  all  Coast  and  Geodetic  Survey  magnetic  observatories. 

It  would  not  be  possible  in  a  short  paper  to  descril)e  in  detail 
all  of  the  observatories  and  instruments  which  have  been  designed 
and  used  in  the  United  States  and  in  other  countries.  The  few 
that  have  been  described  may  serve,  however,  to  illustrate  that 
real  progress  is  being  made  in  geomagnetic  measurements. 


MAGNETIC  WORK  AT  SEA 


H.  F.  JOHNSTON 

Chief,  Section  of  Observatory  Work,  Department  of  Terrestrial 
Magnetism,  Carnegie  Institution  of  Washington 

{Read  February  14,  i941,  in  Symposium  on  Geomagnetism) 

The  sea  has  always  beckoned  to  adventurous  men.  Love  of 
the  sea  inspired  Homer  to  write  that  crowning  nautical  epic  The 
Odyssey,  wherein  he  tells  of  the  fantastic  voyages  of  his  hero  among 
the  cave-dwelling  giants,  the  Cyclops,  of  how  he  escaped  from 
Cu*ce  and  the  fair  sirens,  and  survived  the  mad  grip  of  Scylla  as 
she  tried  to  engulf  him  in  the  swirling  indraught  of  Charybdis. 

But  the  Phenicians  rather  than  the  (Ireeks  were  the  great 
sailors  of  ancient  times.  Their  first  recorded  voyage  is  dated 
about  the  twenty-eighth  century  b.c.  The  inscriptions  on  the 
walls  of  Thebes  give  ample  details  of  a  maritime  expedition  in 
1500  B.C.,  and,  in  the  light  of  modern  historical  research,  it  seems 
fairly  certain  that  they  circumnavigated  Africa  about  600  b.c. 
The  Romans  sailed  the  Mediterranean  in  every  direction  in  the 
time  of  Christ,  fed  their  populace  with  grain  from  Africa,  and 
carried  their  conquering  legions  in  well-manned  galleys,  not  only 
in  the  Mediterranean,  but  also  across  the  English  Channel. 

The  most  extraordinary  feats  of  navigation  ever  accomplished 
by  adventurous  voyagers  will  perhaps  always  remain  conjectural. 
Whereas  the  Phenicians,  Greeks,  and  Romans  sailed  on  com- 
paratively quiet  inland  seas  or  coasted  along  the  shores  of  Arabia 
and  Africa,  the  Polynesians  of  the  same  period  spread  eastward 
across  the  broad  Pacific  where  distances  are  measured  by  thousands 
rather  than  by  hundreds  of  miles.  We  must  remember  that  these 
navigators  made  their  way  from  place  to  place  lia\'ing  only  the 
sun  and  stars  to  direct  them.  They  had  to  wait  until  about  1000 
A.D.  for  a  more  precise  instrument  to  give  them  direction.  Though 
the  magnetic  properties  of  the  loadstone  had  been  known  for  at 
least  2500  years  before  the  beginning  of  the  Christian  Era,  it  was 
not  until  the  end  of  the  eleventli  century  that  Arab  and  Persian 
navigators  used  a  crude  form  of  compass,  namely,  a  magnetized 
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needle  attached  to  a  piece  of  wood  and  floated  in  a  container  on 
water.  Proof  of  its  use  is  found  today  in  the  extant  treatise, 
corresponding  to  our  modern  encyclopedia  prepared  by  the 
Chinese  writer,  Keou-Tsoung-Chy  in  1111  a.d. 

Compasses  were  in  use  in  Western  Europe  by  the  year  1187 
and  the  first  compass  with  an  attachment  for  determining  azimuth 
was  described  by  its  inventor,  Peter  Peregrinus  of  Maricourt,  in 
1269.  By  1408,  compasses  were  so  reguhirly  used  that  an  inven- 
tory of  a  vessel  made  at  tliat  lime  specifically  mentions  tlieni. 
Soon  after  compasses  came  into  regular  use,  the  discovery  was 
made  that  they  did  not  indicate  the  true  north  and,  as  a  result, 
some  time  about  1450  the  makers  of  compasses  attached  the  cards 
to  the  magnets  in  such  a  way  that  true  instead  of  magnetic  direc- 
tions were  indicated. 

A  sound  foundation  for  magnetic  work  at  sea  was  laid  in  the 
year  1457  when  the  first  nautical  almanac  giving  the  declination 
of  the  sun  for  each  day  of  the  year  was  published.  A  few  years 
later  the  Portuguese  scientist,  Zacuto,  published  his  Almanac  Per- 
petuum  giving  the  sun's  declination  for  the  four-year  cycle.  Thus 
it  was  possible  for  Columbus  on  his  voyage  of  discovery  to  the  New 
World  to  measure  magnetic  declinations  by  his  compass-observa- 
tions of  the  direction  of  the  sun  at  sunrise  and  sunset.  He  took 
"amplitudes"  of  the  sun  and  our  Practical  Navigator  Tables  still 
contain  a  table  of  amplitude. 

The  first  systematic  magnetic  survey  at  sea  was  completed  by 
Halley  in  the  years  1698-1700.  From  his  observations  of  magnetic 
declination,  he  puljlished  the  first  chart  in  1700  showing  for  the 
North  and  Soutli  Atlantic  Oceans  isomagnetic  lines,  that  is,  lines 
of  efjual  declination.  There  is,  howc\cr,  a  progressive  change 
with  tlie  years  in  the  direction  in  wliich  a  conii)ass  points  at  any 
one  place  on  the  Earth's  surface  as  may  be  realized  l)y  enumerating 
the  changes  that  have  occurred  at  London,  England,  since  the 
earliest  recoided  observations. 

In  1580  the  magnetic  needle  there  pointed  11°  east  of  north, 
its  direction  changed  gradually  to  the  westward  until  at  about 
1670  it  pointed  true  north  and  by  1818,  when  it  reached  its  greatest 
deviation,  it  was  24°  west  of  north.  Since  that  time,  the  magnetic 
needle  has  changed  in  an  easterly  direction  until  it  is  now  only 
about  10°  west  of  true  north.  From  this  example  it  may  readily 
be  seen  that  magnetic  observations  at  sea  are  continually  necessary 
so  that  accurate  charts  may  be  compiled  for  the  use  of  navigators. 
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During  Bache's  time,  accurate  charts  of  declination  could  be 
prepared  from  the  observations  made  on  wooden  sailing  vessels. 
He  lived  in  a  stirring  era  for  magnetic  work,  stimulated  by  the 
great  advances  made  by  Gauss  in  that  branch  of  science.  In  the 
year  1835,  Fox  adapted  the  dip-circle  which  had  been  invented  by 
Norman  in  1576  for  measurements  of  inclination  at  sea.  Later, 
Lloyd  in  1848,  while  Bache  was  Superintendent  of  the  United 
States  Coast  Survey,  devised  a  nietiiod  for  determining  total  in- 
tensity at  sea  using  a  dip-circle,  and  for  tlie  first  time  it  was 
possible  to  measure  all  elements  of  the  Earth's  magnetic  field. 

The  United  States  Coast  Survey  made  observations  for  decli- 
nation in  coastal  waters  from  early  times,  however,  it  was  not 
until  1879-1880  that  observations  of  intensity  are  recorded  as 
having  been  made  at  sea  off  Cuba  and  Yucatan.  By  1900  the 
survey  vessel  Blake  was  fitted  with  magnetic  instruments  for  a 
sustained  program  of  magnetic  observations.  The  Department 
of  Terrestrial  Magnetism  of  the  Carnegie  Institution  of  Washington 
utilized  the  brigantine  Galilee  from  1905  to  1908  to  obtain  magnetic 
observations  in  the  Pacific  Ocean  and  in  1909  constructed  the  al- 
most completely  non-magnetic  wooden  vessel  Carnegie  for  ob- 
sevations  on  the  high  seas.  She  was  designed  for  her  special 
purpose,  there  were  glass-covered  observing  domes  with  removable 
panels  for  housing  the  instruments  for  measuring  declination, 
intensity,  and  inclination.  The  design  of  all  instrumental  appli- 
ances was  changed  to  insure  the  practicability  of  observations 
during  the  roughest  seas  and  to  eliminate  errors  due  to  improper 
orientation  and  lack  of  level. 

Two  magnetic  instruments  were  mounted  for  measuring  decli- 
nation, one  a  liquid  compass  with  azimuth-device  for  observing 
the  sun's  bearing  directly,  and  the  other  a  collimating-compass 
designed  especially  for  measvuing  declination  at  sea.  The  accuracy 
of  declination  observations  with  an  azinmth-device  is  not  much 
better  than  half  a  degree,  because  of  the  continuous  oscillatory 
motion  of  the  compass-card  in  the  horizontal  plane  and  of  the 
azimuth-attachment  in  the  vertical  plane.  In  the  collimating- 
compass,  the  basic  principle  of  which  is  due  to  William  J.  Peters, 
the  direction-reference  object,  sun  or  star,  is  in  view  at  all  times, 
and  hence  the  oscillatory  motion  of  the  compass-card  is  eliminated. 
Observations  of  declination  with  the  marine  collimator  have 
random  errors  of  only  one-  or  two-tenths  of  a  degree  under  the 
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motion  from  moderate  seas  and  three-  to  four-tenths  of  a  degree 
under  extreme  motions. 

In  constructing  the  marine  colUmator  a  Uquid  compass  was 
used,  the  card  being  removed  and  replaced  by  four  lO^-scales  at 
the  north,  south,  east,  and  west  points.  Four  concave  mirrors 
of  speculum  were  mounted  on  the  float  so  that  the  scales  were  in 
their  focal  planes.  The  bowl  was  provided  with  four  windows, 
thus  permitting  viewing  of  the  scales  when  the  bowl  was  correctly 
oriented.  The  windows  in  the  bowl  were  segments  of  a  spherical 
shell  whose  center  was  at  the  point  of  support  of  the  optical  sy?;- 
tems.  Hence  the  rocking  of  the  bowl  or  the  rotation  produced 
by  yawing  did  not  alter  the  optical  conditions.  The  bowl  was 
suspended  in  a  gimbal-system  which  had  four  circular  openings. 
A  cross-section  of  the  bowl  is  shown  in  Fig.  1  in  which  is  readily 


V 


H 
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Fig.  1 

discernible  the  position  of  scales,  <S,  speculum  mirrors,  Ny  spherical 
windows,  G,  and  magnets,  R,  Figure  2  shows  the  compass-float 
on  which  the  speculum  mirrors  are  mounted  and  the  four  10**- 
degree  scales.  Figure  3  shows  the  bowl  mounted  in  the  gimbal- 
ring  which  has  four  circular  openings  for  viewing  the  scales.  In 
practice  the  angle  between  the  central  division  of  the  scale  and  the 
celestial  object  is  measured  by  means  of  a  sextant.  The  image 
of  the  celestial  object  is  brought  on  the  scale  and  it  is  observed  for 
several  oscillations  so  that  the  amplitude  may  be  determined. 
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Horizontal  intensity  was  measured  by  a  simple  deflection- 
apparatus  in  which  the  magnet  is  mounted  vertically  above  a 
compass-card  and  the  angle  of  deflection  is  determined  by  com- 
parison with  an  undeflected  compass.  If  the  value  of  the  deflec- 
tion-angle is  u,  then  the  value  of  the  horizontal  intensity,  //,  is 
given  by  the  formula  H  =  (mC/sin  u),  where  m  is  the  magnetic 
moment  of  the  deflecting  magnet  and  C  is  a  function  of  the 


Fio.  3 


deflection-distance  and  its  changes  with  temperature  and  of  the 
induction-  and  distribution-coeflficients.  The  value  of  C  is  deter- 
mined from  observations  on  land.  With  this  instrument,  hori- 
zontal intensity  may  be  measured  with  an  accuracy  of  approxi- 
mately one  part  in  1,000. 

Inclination  was  measured  by  two  methods,  in  the  first  a  dip- 
circle  with  semicircular  agate  cups  for  mounting  the  dip-needles 
and  retaining  them  in  the  proper  position  during  motions  of  the 
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ship,  and  in  the  second  an  earth-inductor  adapted  for  use  at  sea 
by  an  ingenious  device  which  permitted  rotation  of  the  coil  without 
disturbance  to  the  level  of  the  instrument.  The  induced  currents 
produced  in  the  coil  when  it  was  rotated  in  the  earth's  field  were 
measured  by  a  marine  galvanometer  of  suitable  sensitivity.  In 
addition,  an  appropriately  designed  gimbal  was  made  to  mount  it. 
in  wliich  the  knife-edges  were  a  hard  alloy  of  platinum  and  iridimn 
resting  on  slightly  curved  hearing  pieces  of  agate.  The  outer 
gimbal-ring  w^as  made  in  two  parts  which  could  he  rotated  relatively  ' 
to  each  other,  thus  making  for  ease  in  maintaining  the  earrii- 
inductor  in  the  magnetic  meridian  and  also  permitting  180^- 
reversal  and  tending  to  eliminate  errors  in  level. 

At  times  the  utility  of  the  magnetic  compass  has  been  threat- 
ened by  improvements  or  modifications  in  the  ships  which  carried 
them.  Flinders  and  Airy  invented  correctors  for  compensating 
compasses  on  account  of  the  iron  which  was  used  in  greater  and 
greater  amounts  in  ships.  Submarines  of  the  largest  size  now  use 
8,000  amperes  direct  current  when  submerged  with  resultant  large  | 
deviations  in  the  magnetic  compass  and  it  was  necessary  to  devise 
suitable  electromagnetic  correctors  to  compensate  the  error.  The 
latest  menace  to  magnetic  compasses  are  the  devices  to  combat 
magnetic  mines,  such  a  device  as  was  mounted  on  the  passenger 
steamer  Queen  Elizabeth^  when  she  entered  New  York  Harbor 
about  a  year  ago.  ! 

Magnetic  work  at  sea  is  still  a  necessity,  so  that  up-to-date  | 
charts  may  be  supplied  to  navigators.    Since  the  loss  of  the  Car- 
negie in  1929  very  few  observations  have  been  made  at  sea.   It  is 
hoped  that  some  time  soon  the  non-magnetic  vessel  Research,  of 
the  British  Admiralty,  may  begin  her  work  at  sea  and  so  fulfill  our  ^ 
magnetic  needs.  ' 
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GBOMAGNETISM:  WORLD-WIDE  AND  COSMIC  ASPECTS  WITH 
ESPECIAL  REFERENCE  TO  EARLY  RESEARCH  IN  AMERICA 


J.  A.  FLEMING 

Director,  Department  of  Terrestrial  Magnetism,  Cam^e  Institution  of  Washington 
(Bvening  Ledurey  February  14t  i^J^i,  in  Symporium  on  Oeomagnetism) 

The  complex  nature  of  geomagnetism — the  general  magnetic 
field  of  the  Earth — and  of  its  varied  phenomena  has  long  puzzled 
&nd  intrigued  man.  Despite  several  centuries  of  speculation  and 
research,  there  is  as  yet  no  adequate  explanation  of  how  the  Earth 
became  magnetic  or  why  it  remains  so.  Closely  associated  with 
this  problem  and  making  it  more  difficult  of  solution  is  the  ''per- 
petual variability"  of  geomagnetism  at  any  one  place — changes, 
on  the  one  hand,  slow  when  compared  with  the  life-span  of  the 
individual,  as  in  its  long-time  or  secular  change,  and,  on  the  other 
hand,  rapid,  as  in  its  short-time  or  more  ephemeral  changes:  the 
latter  are  outstanding  in  their  relations  to  cosmical  phenomena  in 
^^pace  about  us.  Thus  the  magnetic  behavior  of  our  planet  can 
only  be  deduced  from  "the  many  and  varied  manifestations  of 
terrestrial  force  in  so  far  as  it  presents  measurable  relations  in  time 
and  space." 

To  the  layman  seeing  and  hearing  daily  of  navigation,  the 
compass  appears  simple  though  mysterious  in  its  directive  ability 
which  demonstrates  that  magnetic  forces  are  present  everywhere 
in  the  Earth.  But  to  the  scientific  scholar  that  which  is  apparently 
simple  is  often  the  most  baffling  as  in  this  case,  perhaps  not  in  the 
physical  principles  concerned,  yet  certainly  in  the  origin  and 
observed  periodic  and  aperiodic  fluctuations  of  the  forces  involved. 
Thus  the  distribution  and  variations  of  geomagnetism  are  inti- 
mately related  not  only  to  the  structure  of  the  Earth's  interior 
and  of  its  atmosphere  but  also  to  solar  and  cosmic  phenomena. 

We  may  well  pay  homage  to  the  splendid  and  long-continued 
observation  and  research  of  our  predecessors  and  of  present-day 
scholars  in  all  comers  of  the  world  which  provide  a  rich  and 
constantly  growing  mass  of  data.  As  compared  with  the  more 
intensive  observational  work  of  the  earlier  years,  experimental 
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approach,  through  investigations  both  outside  and  inside  the  Earth, 
is  continually  enlarging.  There  are  involved  not  only  the  phe- 
nomena of  the  Earth's  magnetic  field,  but  their  relations  to  other 
geophysical  and  astrophysical  sciences. 

History 

Unlike  many  other  natural  phenomena,  geomagnetism  presents 
no  ready  e\'idence  of  its  presence  to  any  of  the  human  senses. 
Thus  its  early  perception  through  the  directive  property  of  a 

lodestone  or  magnet  freely  suspended  in  the  Earth's  field  is  veiled 
by  the  mytlis  and  lej^onds  of  south-pointing  cliariots  in  China  some 
4,500  years  ago  and  of  its  applications  by  the  Egyptians,  the  Phe- 
nicians,  the  Greeks,  and  the  Latins.  W'c  have,  however,  by  the 
end  of  the  twelfth  conturv  A.D.,  definite  and  well-authenticated 
evidence  of  the  use  of  this  property  in  navigation.  Thence  on- 
ward there  was  gradual  transition  from  the  field  of  speculation  to 
that  of  scientific  investigation  and  in  1000  (lilbert  published  his 
famous  book  on  the  magnet — the  first  treatise  picturing  the  Earth 
as  a  great  magnet.  A  century  later  Halley's  world  charts  showing 
variations  of  the  compass  appeared.  Wilcke's  chart  of  magnetic 
dip  or  inclination  was  published  in  1768.  Charts  delineating 
magnetic  directive  force  resulted  from  Humboldt's  observations 
on  his  American  journeys  during  1799  to  1803. 

The  period  including  the  end  of  the  eighteenth  century  and 
the  first  half  of  the  nineteenth  'century  was  an  era  of  unequaled 
constructive  work  in  geomagnetism  by  many  eminent  scholars. 
Among  these  may  be  mentioned  Humboldt,  Gauss,  and  Lamont  of 
Germany,  Sabine  and  Airy  of  Great  Britain,  Poisson  and  Duperrey 
of  France,  Quetelet  of  Belgium,  Hansteen  of  Norway,  Kupflfer  of 
Russia,  and  Nicollet,  Locke,  Loomis,  and  Bache  of  America. 

That  thoughts  on  this  subject  were  then  not  limited  to  scientific 
men  is  evidenced  by  a  discourse  of  John  Quincy  Adams  in  our 
House  of  Representatives  during  preliminary  steps  bearing  on  the 
establishment  of  the  Smithsonian  Institution  in  which  he  said: 

What  an  unknown  w  orld  of  mind  is  yet  teeming  in  the  womb  of  time, 
to  be  revealed  in  tracing  the  causes  of  the  sympathy  between  the  magnet 
and  the  polo — that  unseen,  immaterial  spirit,  which  walks  with  us 
through  the  most  entangled  forests,  over  the  most  interminable  wilder- 
ness, and  across  every  region  of  the  pathless  de(^p,  l)y  day,  by  night,  in 
the  calm  serene  of  a  cloudless  sky,  and  iu  the  liowling  of  the  hurricane 
or  the  typhoon.    Who  can  witness  the  movements  of  that  tremulous 
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f      needle,  poised  upon  its  center,  still  tending  to  the  polar  star,  without 
feeling  a  thrill  of  amazement  approaching  to  superstition? 
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It  may  be  recalled  that  the  man  whose  memory  we  honor  in 
this  centenary  celebration  was  named  in  1846  one  of  the  regents  of 


Fio.  1.  Earliest  isonia>?netic  chart  of  "magnetic  variation"  (that  is,  magnetic 
declination)  by  Halley  for  the  Atlantic  Ocean  based  on  data  during  the  cruise  of  his 
pink  Paramour  during  1697  to  1701. 
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the  Smithsonian  Institution  in  the  act  of  incorporation  and  that 
he  was  continued  by  the  Congress  in  tliis  office  until  his  death — 
a  period  of  nearly  20  years.  It  may  l)e  fairly  said  that  his  in- 
fluence contributed  much  to  bringing  about  the  policy  which  has 
given  that  Institution  its  present  high  standing  among  scientific 
organizations  of  the  world. 

During  this  era  it  became  evident  that  onlj'  through  mutual 
assistance  and  international  cooperation  in  physics,  in  geology, 
and  in  mathematics  could  it  be  hoped  to  advance  understanding 
of  geomagnetism.  In  this  period  were  established  the  Magnetic 
Union  of  Gottingen  for  simultaneous  observations  all  over  the 
Globe  and  the  British  colonial  observatories  from  which  resulted 
the  stimulation  for  greater  activity  in  America  by  Bache  and  his 
colleagues.  Through  correspondence  and  a  visit  with  Joseph 
Henry  to  Europe  in  1837-38  Bache  obtained  instruments  for,  and 
took  active  part  in,  establishing  the  Magnetic  Observatory  at 
Girard  College  with  help  from  its  Trustees  and  the  American 
Philosophical  Society.  To  his  enthusiam  and  that  of  his  con- 
temporaries and  their  pioneer  work  we  are  in  great  measure  in- 
debted for  the  prominent  position  now  held  by  American  organiza- 
tions in  geomagnetic  research. 

Bache  became  interested  in  geomagnetism  soon  after  he  ac- 
cepted the  Chair  of  Natural  Philosophy  and  Chemistry  at  the 
University  of  Pennsylvania  in  Philadelphia  (1828).  He  was  not 
satisfietl  with  the  occupation  of  teacher  alone  and  sought  to  extend 
the  bounds  of  science  by  discoveries  of  his  own.  He  became  a 
member  of  the  Franklin  Institute  and  of  the  American  Philo- 
sophical Society-.  He  erected  in  his  own  dwelUng  an  observatory 
in  which,  with  the  aid  of  his  wife  and  of  his  assistant  John  Fraser, 
he  determined  for  the  first  time  in  tliis  country  the  periods  of  daily 
variations  of  the  magnetic  needle  and,  by  a  series  of  observations, 
the  connection  of  the  "fitful  variations  of  the  direction  of  the 
magnetic,  force  with  the  appearance  of  the  aurora  borealis.''  In 
1836,  at  the  age  of  thirty,  he  was  selected  by  the  Trustees  as 
President  of  the  newly  endowed  Girard  College  for  Orphans  pre- 
paratory to  organizing  that  institution.  In  this  connection  he 
was  commissioned  to  go  abroad  to  study  systems  of  education, 
instruction,  and  discipline  in  Europe.  You  have  already  learned 
of  his  activities  after  his  return  in  the  interest  of  public  education 
of  Philadelphia  and  of  his  reinstatement  in  1842  as  Professor  at 
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the  University  of  Pennsylvania.  His  visit  in  Europe  had  further 
increased  his  interest  in  geomagnetism  and  stimulated  his  coopera- 
tion in  the  enterprise  of  the  British  Association  for  the  Advance- 
ment of  Science  and  the  British  Government  of  establishing  con- 
temporaneous observatories  at  widely  separated  points  to  deter- 
mine the  magnetic  elements.  From  this  resulted  the  construction, 
through  the  Building  Committee  of  Councils  of  the  City  of 
Philadelphia,  of  the  Magnetic  Observatory  at  Girard  College  to 
which  the  Trustees  contributed  instruments  with  latest  improve- 
ments and  which  was  supported  by  the  American  Philosophical 
Society  as  well  as  by  many  generous  individuals.  The  observa- 
tions there  w^re  continued  for  five  years  from  Ma}'  1840  to  June 
1845.  Expenses  were  first  provided  by  the  Girard  College,  then 
by  the  American  Philosophical  Society  during  1841  to  December 
1842,  and  after  a  short  interruption  of  the  program  during  January 
to  April  1843,  by  the  Topographical  Branch  of  the  War  Depart- 
ment during  1843  to  1845.  Bache  discussed  the  data  obtained  and 
published  a  long  series  of  volumes  thereon.  His  published  contri- 
butions to  geomagnetism  began  in  1832  with  the  appearance  in 
the  Transactions  of  the  American  Philosophical  Society  of  his  article 
"On  the  diurnal  variation  of  the  magnetic  needle.''  Between  30 
and  40  volumes  were  prepared  by  him  during  1833  to  1865. 

Bache's  extensive  geomagnetic  discussions  included  in  twelve 
large  volumes  of  a  memorable  series  called  '^Discussion  of  the 
magnetic  and  meteorological  observations  made  at  the  Girard 
College  Observatory,  Philadelphia,  in  1840,  1841,  1842,  1843,  1844, 
and  1845"  is  even  today  an  epitome  of  avenues  of  research.  Thus, 
for  example,  he  has  discussed  the  11-year  period  in  the  amplitudes 
of  solar  diurnal  variations  and  disturbances  of  magnetic  declina- 
tion, magnetic  horizontal  force,  magnetic  vertical  force,  magnetic 
total  force,  and  magnetic  dip;  the  annual  inequalities  of  the  ele- 
ments ;  the  influences  of  the  Moon  upon  the  several  elements ;  and 
the  effect  of  auroral  lights  on  geomagnetic  phenomena.  Other 
papers  by  Bache  relate  to  instrumental  improvements,  reports  of 
surveys  by  himself  and  colleagues,  comparison  of  results  at  Phila- 
delphia, Toronto,  and  Hobarton,  discussions  of  his  magnetic 
observations  on  land  and  at  stations  in  Europe  and  those  made  on 
the  line  of  the  boundary  survey  between  the  United  States  and 
Mexico  during  1849  to  1852,  and  elsewhere  in  the  United  States. 

It  is  not  surprising  that  the  Americas  lagged  behind  Europe 
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in  geomagnetic  investigations  which  had  their  inception  there  in 
earlier  times — a  fact  still  evidenced  by  the  numerous  magnetic 
observatories  in  the  comparatively  small  area  of  Europe.  Never- 
theless, research  in  the  western  hemisphere  figures  prominently 
in  the  history  of  the  Earth's  sciences.    One  of  the  agonies — the 
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Fig.  4.  Secular  variation  of  the  magnetic  equator  in  the  western  hemisphere 
from  1700  to  1937  and  secular  variation  of  the  magnetic  declination  or  the  compass- 
direction  at  London,  Eastport,  San  Francisco,  Callao,  and  Rio  de  Janeiro  from  earliest 
observed  values. 


line  along  which  the  compass  points  true  north — passes  through 
Uruguay,  Brazil,  Venezuela,  Cuba,  the  United  States  of  America, 
and  Canada.  The  magnetic  equator — the  line  joining  points 
where  the  magnetic  dip  is  zero — crosses  Peru  and  Brazil.  The 
delineation  of  the  magnetic  equator  early  aroused  scientific  interest 
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since  it  deviates  so  greatly  in  South  America  to  the  south  of  the 
geographic  equator.  In  1802  Humboldt  located  it  in  the  Andes 
near  7°  south  latitude  between  Cajamarca  and  the  silver  mines  of 
Micuipampa — possibly  the  locality  now  known  as  Hualgoyoc.  He 
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Fig.  5.    Solar  diurnal  variation  or  inequality  in  maKnctic  declination  [curves  show 
seasonal  changes  and  modification  in  ranges  for  different  latitudes]. 
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also  measured  the  relative  magnetic  intensity  there  and,  since  he 
conceived  that  this  intensity  was  lowest  on  the  equator  and  in- 
creased toward  the  pole,  he  defined  his  observed  value  as  unity 
on  a  scale  of  geomagnetic  force.   This  scale  was  adopted  by  other 

observers,  and  measurements  all  over  the  Globe  were  expressed 

in  it  for  several  decades.  With  the  later  development  by  Gauss 
of  means  for  absolute  measures,  this  value  was  converted  into  the 
absolute  unit,  being  found  equal  to  0.3494  centimeter-gram- 
second  unit. 

The  earliest  detailed  State  magnetic  survey  in  North  America 
was  made  by  Bache  in  1840  to  1843,  namely,  his  ''Magnetic  survey 
of  Penns\dvania  and  parts  of  adjacent  States."  The  observations 
at  22  points  were  made  by  Bache  during  his  summer  vacations 
and  at  private  expense.  His  isomagnetic  map  of  that  survey  shows 
remarkable  agreement,  when  account  is  taken  of  secular  change, 
with  the  somewhat  earlier  map  by  Loomis  of  the  eastern  part  of 
the  United  States  })ased  on  observations  made  by  Loomis  in  1838 
to  1841,  by  Nicollet  in  1832  to  1836,  and  by  Locke  in  1838  to  1845. 
Nicollet  occupied  some  25  stations  all  in  the  eastern  part  of  the 
United  States.  Locke  obtained  a  series  of  magnetic  observations 
at  100  stations  from  the  State  of  Maine  to  some  distance  beyond 
the  Mississippi  and  at  the  Magnetical  Observatory  of  the  British 
Government  in  Toronto  at  personal  expense — a  notable  example 
of  private  research  stimulated  by  the  impulse  and  systematic 
direction  which  during  this  era  had  been  given  to  this  study  of  the 
Earth's  magnetism.  Locke's  observations  gave  the  first  indication 
of  the  location  of  the  North  American  focus  of  greatest  magnetic 
intensity,  which  was  verified  by  later  investigations  of  Lefroy. 

Bache's  idea  of  intensive  State  magnetic  survej^s,  in  addition 
to  the  general  magnetic  survey  of  the  whole  country,  was  not 
realized  until  more  recent  years.  For  example,  Professor  Francis 
E.  Nipher,  of  the  Washington  University  at  St.  Louis,  undertook 
a  detailed  magnetic  survey  of  Missouri  from  1878  to  1883;  he  also 
was  dependent  entirely  upon  private  aid  for  defraying  the  expenses 
of  this  survey  which  included  149  stations.  At  about  the  same 
time  some  preliminary  observations  appear  to  have  been  made  by 
Professor  Gustav  Hinricks  in  Iowa.  These  were  followed  in  1887 
to  1890  by  G.  H.  Cook  in  the  survey  of  New  Jersey,  and  in  1896 
to  1900  by  L.  A.  Bauer  in  the  survey  of  Maryland  under  the  direc- 
tion of  Professor  W.  B.  Clark  of  Johns  Hopkins  University,  State 
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Geologist  of  Maryland.  Still  more  recently,  detailed  magnetic 
surveys  of  North  Carolina  and  Louisiana  have  been  effected. 

When  made  Superintendent  of  the  United  States  Coast  Survey 
in  1843,  Bache  ardently  promoted  a  program  of  magnetic  observa- 
tions and  discussions  in  that  Bureau  and,  on  the  foundations  laid 
by  him,  investigations  of  tlie  Earth's  magnetism  were  fostered  and 
furthered  by  Schott.  Schott,  who  for  over  52  years  (1848-1900) 
was  connected  with  the  Computing  Division  of  the  Survey,  had 
nuich  to  do  with  the  discussions  of  magnetic  data  and  many  of  his 
numerous  pubHcations  were  devoted  to  that  subject.  The  award 
of  the  Henry  Wilde  prize  by  the  French  Academy  of  Sciences  only 
two  years  before  his  death  was  made  on  the  ground  that  ''the 
whole  of  his  work  furnishes  one  of  the  important  contributions  in 
the  history  of  terrestrial  magnetism."  The  geomagnetic  work  of 
our  Government  is  a  model  one.  It  was  reorganized  under  a  much 
more  intensive  program  in  1899  by  L.  A.  Bauer,  with  the  able 
assistance  of  D.  L.  Hazard  under  the  superintendency  of  Dr. 
Pritchett,  in  the  Section  of  Terrestrial  Magnetism,  now  designated 
as  the  Division  of  Geomagnetism  and  Seismology.  Bauer  was 
succeeded  as  Chief  of  this  Division  by  Faris,  Braid,  Hazard, 
Watkins,  and  Captain  Heck,  who  since  1922  has  been  its  progres- 
sive and  enthusiastic  leader.  The  Division  is  responsible  for  the 
continued  magnetic  survey  of  the  United  States  and  its  territories 
and  the  operation  of  five  widely  distributed  observatories  in  Mary- 
land, Arizona,  Alaska,  Hawaii,  and  Puerto  Rico. 

During  the  last  half  of  the  nineteenth  century,  magnetic 
observatories  were  maintained  by  the  Survey  at  Key  West,  Florida, 
from  1860  to  1865,  at  Madison,  Wisconsin,  from  1876  to  1880,  at 
Los  Angeles,  California,  from  1882  to  1889,  and  at  San  Antonio, 
Texas,  from  1890  to  1895.  Besifles  these  the  United  States  Gov- 
ernment took  part  in  two  International  Polar  Years,  the  first  in 
1882-83  by  establishing  magnetic  observatories  at  Point  Barrow, 
Alaska,  and  at  Fort  Conger,  Ellesmere  Land,  and  the  second  in 
1932-33  through  the  Coast  and  Geodetic  Survey  at  College, 
Alaska,  and  the  United  States  Weather  Bureau  at  Point  Barrow, 
Alaska,  both  of  these  with  the  cooperation  of  the  Department  of 
Terrestrial  Magnetism  of  the  Carnegie  Institution  of  Washington. 

The  frequent  shifting  of  the  magnetic  observatories  of  the 
Coast  and  Geodetic  Survey  in  earlier  years  from  place  to  place  was 
necessary  because  of  limited  funds,  but  since  the  formation  of  the 
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Division  of  Terrestrial  Magnetism  in  1899  there  have  been  in 
operation  for  nearly  40  years  the  five  observatories  listed  above. 
To  Canada,  however,  belongs  the  credit  of  having  maintained  in 
the  Western  Hemisphere  a  magnetic  observatory  for  the  longest 
period.  The  Toronto  Observatory  was  established  in  1840  by 
Riddell,  who  was  succeeded  by  Lefroy  under  the  direction  (^f 
General  Sabine  to  whose  indefatigable  energy  we  owe  the  splendid 
simultaneous  program  of  work  of  the  British  colonial  observa- 
tories.^ The  Toronto  Observatory  continued  until  the  end  of 
1897,  when  it  had  to  be  transferred  to  Agincourt  some  miles  east 
of  Toronto  because  of  electric-car  disturbances.  Thus  Canada  has 
the  distinction  of  a  continuous  record  of  magnetic  fluctuations  for 
a  century  with  the  exception  of  a  single  year,  namely,  1898. 

Another  eminent  scholar  of  the  period,  Joseph  Henry,  was 
interested  in  the  Earth's  magnetism  and  in  1830-31  made  a  series 
of  intensity-observations  at  Albany,  New  York.  In  his  work  he 
used  a  needle  which  had  formerly  belonged  to  Hansteen  of  Norway 
and  another  which  had  been  used  by  Sabine.  He  observed  a 
disturbance  of  the  magnetism  of  the  Earth  in  connection  with  the 
appearance  of  an  aurora. 

Besides  those  already  mentioned,  some  of  the  other  early 
pioneers  in  magnetic  work  in  North  America  were  Botanist  David 
Douglas,  who  determined  declination  and  horizontal  intensity 
along  the  northwest  coast  of  North  America  during  1829-34; 
Colonel  Graham,  topographic  engineer  of  tlic  United  States,  who 
observed  magnetic  intensity  on  the  southern  boundary  of  Canada 
durmg  1830-45;  and  Emory,  who  made  observations  on  the 
Isthmus  of  Panama  in  1849. 

Magnetic  observations  in  South  America  were  relatively  few 
until  the  last  quarter  of  the  nineteenth  century.  In  1819  Admirals 
Roussm  and  Givry  made  magnetic  observations  on  the  Brazilian 
coast  between  the  mouths  of  the  rivers  Marafion  and  La  Plata. 
In  1825  Boussingault  observed  in  Ecuador  at  Marmato  and  Quito. 
In  1826-30  Captain  Philip  Parker  King  obtained  data  in  southern 
portions  of  the  eastern  and  western  coasts  of  South  America 
(Brazil,  Uruguay,  Straits  of  Magellan,  and  Chile).  Diu4ng  1831- 
36  Captain  Fitzroy  on  the  Beagle  obtained  data  on  the  most  south- 
ern portions  of  America.    Sir  Edward  Belcher's  voyage  of  1837-42 

'  Humboldt  states  that  Ceicius  was  the  fiist  to  make  use  of  observations  at  observa- 
tories to  institute  Bimultaneoua  measurements  at  two  widely  separated  places. 
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secured  magnetic  data  on  the  western  coast  of  South  America. 
During  1838-42  our  own  Wilkes  Expedition  secured  many  magnetic 
observ^atioiis  in  the  antarctic  regions.    In  Brazil,  during  1880—84, 
a  Dutch  Commission  led  by  E.  van  Rijckevorsel,  with  the  authori- 
zation and  valuable  assistance  of  the  Brazilian  Government,  made 
an  extensive  survey  of  the  eastern  part  of  that  country,  including 
the  valley  of  the  San  Francisco  River.    In  1910-11,  chiefly  for  the 
purpose  of  determining  secular  variation  in  that  valley,  the 
Director  of  the  National  Observatory  at  Rio  de  Janeiro  conducted 
a  resurvey.    The  Government  of  Argentina  has  long  maintained 
an  excellent  magnetic  survey  and  three  magnetic  observatories 
(Pilar,  La  Quiaca,  and  Orcadas).    Since  its  organization,  the 
Carnegie  Institution  of  Washington,  through  its  Department  of 
Terrestrial  Magnetism,  has  occupied  more  than  2,000>  stations  on 
land  in  all  the  countries  of  South  America  and  1,000  at  sea  in  the 
Western  Hemisphere — a  contribution  of  considerable  importance 
in  little-explored  tropical  regions  of  South  America.   The  Huan- 
cayo  Magnetic  Observatory  of  that  Department,  established  in 
1919  with  the  approval  of  the  Peruvian  Government,  in  12**  south 
latitude,  was  then  only  a  few  miles  south  of  the  magnetic  equator. 
Thus  since  Humboldt's  observations  of  1802  the  magnetic  equator 
has  moved  southward  5°  in  latitude  and  this  southward  progress 
is  now  continuing  at  the  rate  of  about  four  miles  per  year.  The 
force,  too,  has  changed  considerably  since  1802  but  is  now  nearly 
steady  at  aljout  0.30000  absolute  unit,  a  decrease  of  15  per  cent 
in  140  years. 

The  attack  on  prol)lems  of  such  })road  scope  recjuires  a  special 
type  of  research  and,  in  unique  degree,  world-wide  coordination  of 
data  and  experiment.  No  single  well-planned  experiment  or  ob- 
servation can  solve  the  problems  presented.  Observations  must 
l)e  made  in  all  parts  of  the  world  and  must  be  continued  over  a 
long  period.  Te(  lini([ues  for  the  organization  and  interpretation 
of  these  data  must  be  developed  and  experimental  researches  must 
be  conducted  along  lines  which  will  supply  information  on  basic 
properties  related  to  the  subject.  The  Carnegie  Institution  of 
Washington,  recognizing  the  extent  of  this  field,  established  its 
Department  of  Terrestrial  Magnetism  in  April  1904  "to  investigate 
such  problems  of  world-wide  interest  as  relate  to  the  magnetic 
and  electric  conditions  of  the  Earth  and  its  atmosphere,  not 
specifically  the  subject  of  inquiry  of  any  one  country,  but  of 
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international  concern  and  benefit."  Bauer,  with  the  agreement 
of  the  Coast  and  Geodetic  Survey,  was  called  upon  to  be  the  or- 
ganizer and  first  Director  of  this  Department.  Thanks  to  his 
enthusiasm  and  foresight,  it  has  taken  a  leading  part  in  obtaining 
data  in  magnetically  unexplored  lands  and  over  the  oceans,  and  in 
the  determination  and  maintenance,  in  cooperation  with  the  United 
States  Coast  and  Geodetic  Survey,  of  magnetic  standards. 

The  Magnetic  Field  and  its  Determination 

The  Earth's  magnetic  field  extends  far  out  into  space.  Four 
thousand  miles  above  us  it  is  still  one-eighth  as  great  as  at  the 
surface.    The  Earth  may  be  regarded  as  approximately  a  uniformly 


FiQ.  8.    The  magnetic  field  about  the  Earth. 


magnetized  sphere  with  its  axis  making  an  angle  of  11°. 5  with  the 
axis  of  rotation-.  Although  but  feebly  magnetized  as  compared 
with  the  magnetization  attainable  in  high-grade  magnet  steels,  the 
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average  intensity  of  magnetization  per  cubic  centimeter  for  the 
entire  Earth  is  roughly  10,000  to  100,000  times  as  great  as  the 
magnetization  of  ordinary  crustal  rocks.  Such  magnetization 
would  be  produced  by  the  presence  of  one  magnetized  embroidery 
needle  in  every  five  cubic  centimeters  of  the  whole  Globe.  Ap- 
preciable irregularities  in  the  field  exist,  but  they  do  not  cause 
great  departures  from  the  field  which  would  be  produced  by  the 
hypothetical  uniform  magnetization. 

It  is  well  known  that  the  axis  of  the  magnetic  field  is  inclined 
to  the  geographic  axis  of  the  Earth  and  that  the  polar  auroral 
zones  are  centered  not  on  the  actual  magnetic  poles  but  on  the  poles 
of  imiform  magnetization,  which  takes  account  of  so  great  a  part 
of  the  whole  field.  A  general  idea  of  the  field,  which,  however, 
is  by  no  means  so  simple,  may  be  obtained  by  the  distribution  of 
iron  filings  over  a  disk  magnet.  The  principal  magnetic  poles 
are  distant  1200  miles  or  more  from  the  geographic  poles.  The 
north  magnetic  pole,  visited  in  1831  by  Ross  and  in  1903  by 
Amundsen,  is  in  Boothia  Peninsula  in  north  Canada  (latitude 
70**  30'  north,  longitude  95°  30'  west).  The  south  magnetic  pole, 
reached  in  1909  by  E.  David,  Douglas  Mawson,  and  A.  Mackay, 
of  Shackleton's  British  Antarctic  Expedition  of  1907-09,  is  in  South 
Victoria  Land  of  the  Antarctic  Continent  (latitude  72**  25'  south, 
longitude  155°  16'  east).  Thus  the  line  joining  the  magnetic  poles 
is  not  a  diameter  of  the  Earth  but  passes  at  a  distance  of  some  750 
ndles  from  its  center. 

Measurements  to  determine  the  Earth's  magnetic  field  at  any 
point  must  include  observations  of  three  magnetic  elements, 
namely:  (1)  Magnetic  declination,  the  angle  between  the  true  as- 
tronomical north-south  meridional  plane  and  the  vertical  plane 
through  the  magnetic  north-south  direction  as  defined  by  the 
compass ;  (2)  magnetic  inclination  or  dip,  the  angle  through  which 
a  magnet  entirely  free  to  move  would  dip  below  the  horizon  in  the 
magnetic  north-south  meridional  plane ;  and  (3)  the  total  magnetic 
force,  acting  in  the  magnetic  meridional  plane  or  its  horizontal 
component,  or  its  vertical  component.  Painstaking  and  patient 
recording  of  the  complex  geomagnetic  time-variations  through 
years  and  decades,  magnetic  surveys  on  land  and  sea,  and  the 
reduction  of  all  these  data  have  disclosed  certain  systematic 
features.  The  scattered  observations  of  declination  run  back 
over  300  years  in  a  few  limited  localities,  while  those  of  inclination. 
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owing  of  course  to  its  smaller  practical  utility  as  well  as  to  the 
greater  difl&culty  attending  its  measurement,  are  much  less  abun- 
dant. It  is  now  over  100  years  since  a  method  was  first  described 
to  obtain  the  absolute  measure  of  the  intensity  of  the  maj^netic 
field.  The  classical  methods  of  observation  and  discussion  have 
reached  a  point  where  decisive  progress  demands  the  introdiiction 
of  new  experimental  and  theoretical  ideas.  Thus  the  present 
trend  in  geomagnetism  is  for  greater  collaboration  with  other 
branches  of  physics,  geophysics,  and  solar  physics. 

There  has  been  marked  improvement  both  of  instruments  and 
accuracy  of  observation.  The  Bache  magnetometer  and  the 
Kobertson  dip-circle  used  in  Bache's  magnetic  survey  of  Penns\'I- 
vania  were  from  the  best  instrument-shops  of  Europe.  That 
observers  were  burdened  in  transportation  during  those  earl^^  days 
of  pioneer  and  difficult  conditions  of  travel  as  compared  with  those 
of  today  may  be  readily  reaUzed  when  it  is  stated  that  the  sus- 
pended magnet  was  50  centimeters  (20  inches)  in  length.  The 
development  of  improved  magnet  steels  has  made  possible  instru- 
ments of  far  less  weight  and  far  greater  accuracy  with  magnets  one 
centimeter  (less  than  one-half  inch)  in  length.  Thus  a  recent  type 
of  horizontal-intensity  magnetometer  developed  in  Denmark  is  so 
light  that  it  is  transported  by  mail  and  gives  a  precision  of  one 
part  in  20,000. 

Improvement  in  instruments  for  use  on  land  has  also  followed 

improved  electrical  measurements,  so  that  now  high  precision  is 
attained  by  electromagnetic  coil-instruments  such  as  the  sine- 
galvanomcter.  In  this  type  the  classical  magnetic  method  is 
replaced  by  the  electrical  method.  The  auxiliary  magnetic  tield 
with  which  the  Earth's  field  is  compared  is  no  longer  produced  by 
means  of  magnets,  but  by  means  of  electrical  currents  in  carefully 
standardized  coil-arrangements  of  accurately  known  geometrical 
dimensions.  The  limit  of  accuracy  of  the  new  methods  is  deter- 
mined by  that  of  measuring  currents  of  the  order  of  one-tenth  of 
an  ampere.  The  main  advantage  of  the  new  methods  (of  which 
several  variants  have  been  developed)  is  their  apphcability  to  any 
component  of  the  Earth's  field.  Electromagnetic  instruments  are 
now  used  for  control  of  absolute  magnetic  standards. 

The  oceans  comprise  the  greater  part  of  the  Earth's  surface. 
The  moving  support  provided  by  a  vessel  makes  observations  at 
sea  difficult.    Gimbal  suspensions  are  used  and,  until  recent  years, 
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instruments  were  of  the  magnetic  type.  Now  the  electromagnetic 
method  is  used,  as,  for  example,  the  marine  earth-inductor,  which 
yields  results  of  greater  precision  than  older  types  of  the  sea  dip- 
circle.  In  determining  direction  and  magnetic  intensity  at  sea, 
modern  optical  technique  and  improved  magnet  steels  provide 
greater  accuracy. 


Fio.  9.    Established  geomagnetic  observatories  of  the  western  hemisphere,  1940,  and 

recommended  additions. 


The  same  holds  true  for  equipment  to  record  the  multiple, 
regular,  and  irregular  fluctuations  of  geomagnetism  at  observa- 
tories in  the  world  net  which  now  includes  over  70  observatories. 
The  older,  massive  variometers  are  replaced  by  small  portable 
instruments  and  recorders. 

The  data  supplied  by  observation  on  land  and  sea  are  the  basis 
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for  charts  of  isomagnetic  lines  of  declination  or  compass-direction, 
of  inclination,  and  of  intensity.  The  comparison  of  these  charts, 
or  of  results  at  a  single  station  for  different  epochs,  shows  slow 
changes  of  the  elements — that  is,  secular  variation.  Thus  we  have 
historical  records  showing  progressive  shift  of  lines  of  zero  magnetic 
declination  (agonies)  because  of  secular  variation.  On  assembly  of 
the  data  the  shifts  of  isomagnetic  lines  are  determined  for  suc- 


FiG.  10.    Ustablished  Keonuignetir  observatories  of  the  eastern  hemisphere,  1940.  and 

recommejided  additions. 


cessive  epochs.  We  may  then  prepare  an  isoporic  chart — that  is, 
one  showing  lines  along  which  the  isomagnetics  have  made  the 
same  progress.  Lines  so  drawn  are  called  isopors,  or  lines  of  equal 
marching.  The  picture  resulting  from  these  charts  presents  the 
problem  of  secular  variation  in  a  new  light  and  has  raised  questions 
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of  broad  geophysical  significance.  The  rise  and  fall  of  the  rate  of 
the  secular  change,  the  slow  expansion,  and  then  the  gradual 
retraction  of  the  areas  within  which  there  have  been  excessive 
alterations  in  any  of  the  magnetic  elements,  indicate  that  changes 
are  still  active  within  the  Earth's  interior. 

The  maximum  isoporic  foci  are  practically  all  found  in  the 
hemisphere  containing  the  great  land-masses  with  the  intervening 
Atlantic  Ocean.  Such  foci  as  are  found  in  the  Pacific  hemisphere 
are  of  but  moderate  intensity  and  not  well  defined.  This  relation 
of  large  and  rapidly  varying  rates  of  change  of  the  intensity  and 
direction  of  the  magnetic  field  to  the  surface  structure  of  the  Earth 
can  scarcely  be  accidental;  it  is  natural  to  suspect  that  there  is  a 


Fig.  11.    World  di.stribution  of  foci  of  rapid  annual  change  of  magnetic  declination, 
inclination,  and  horizontal  intensity,  approximate  epoch  1920-25. 


causal  relationship  existing  between  crustal  or  subcrustal  move- 
ments and  these  magnetic  manifestations. 

The  relatively  short  period  of  time  during  which  we  have  ob- 
served, and  may  continue  to  observe,  how  the  Earth's  magnetic 
field  changes,  discourages  hope  of  deriving  an  adequate  under- 
standing of  the  phenomenon  by  direct  observation.  This  has  led 
investigators  to  seek  means  for  extending  our  knowledge  of  secular 
variation  over  a  longer  time-scale  through  the  development  of 
paleomagnetic  research,  that  is,  the  determination  of  "fossil  mag- 
netization" of  cores  of  material  collected  from  the  bottoms  of  the 
oceans  and  of  varves  deposited  during  glacial  periods. 

That  irregularities  of  the  distribution  of  the  Earth's  magnetic 
field  over  continental  areas  may  bear  definite  relation  to  geologic 
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features  of  the  Earth's  crust  has  long  been  recognized.    It  is  only 
in  comparatively  recent  years  that  anomalous  magnetic  data  have 
been  considered  an  aid  in  determining  the  character  of  geologic 
substructure.   The  difference  between  the  uniform  or  normal 
magnetization  and  that  actually  existing  serves  to  bring  out  the 
general  irregularities  as  a  residual  field.    The  inhomogeneity  of 
the  Earth's  outer  crust  or  shell,  perhaps  25  or  more  miles  thick, 
gives  rise  to  many  regions  of  local  magnetic  disturbance.  Some 
magnetic  ore-deposits  are  larf^e  enough  to  cause  local  poles  and 
other  irregularities  of  intensity  twofold  or  even  threefold  the 
normal   value  in  their  neighborhood.    The  experimental  and 
theoretical  progress  made  in  applying  magnetic  methods  to  the  | 
determination  of  deposits  in  the  Earth's  crust  has  been  much  more 
satisfactory  than  that  with  regard  to  the  main  field.    A  major 
feature  of  physical  and  mineralogical  research  is  offered  by  large 
systems  of  volcanic  dykes  in  South  Africa;  these  are  magnetized  | 
opposite  to  the  present  direction  of  the  Earth's  vertical  component. 
In  this  general  region  of  South  Africa  the  magnetic  horizontal 
component  of  the  Earth's  field  has  decreased  16  per  cent  of  its  j 
present  value  in  a  30-year  period!   With  improved  knowledge  I 
of  magnetic  anomaUes  the  question  of  interrelation  with  gravi-  | 
metric  anomalies  and  deep-focus  earthquakes  may  be  studied. 
Gravimetric  and  magnetic  anomalies  frequently  occur  in  the  same  i 
regions.    Possibly  these  and  the  deep  earthquakes  have  a  common 
origin  in  current-systems  in  the  inner  Earth.  i 

The  mathematical  analyses  of  several  investigators,  based  on  i 
the  latest  observed  world-data  available,  show  that  the  major 
portion,  about  95  per  cent  of  the  Earth's  total  magnetic  field  at 
any  one  time,  arises  from  causes  beneath  the  Earth's  surface  and 
that  two  minor  portions  total  about  five  per  cent,  of  which  one 
arises  from  causes  above  the  Earth  and  one  from  vertical  electric 
currents  passing  through  the  Earth's  crust. 

Thus  the  physical  origin  of  the  interior  and  principal  part  of 
the  Earth's  field  still  offers  a  baffling  problem.  Besides  the  study 
of  secular  variation  over  previously  unattainable  periods  of  thou- 
sands of  years  by  utilization  of  the  magnetic  polarization  of  varves 
and  deposits,  we  must  look  to  other  methods  in  the  laboratory. 
One  of  the  most  promising  of  these  is  the  investigation  of  materials 
under  conditions  of  extremely  high  pressures  and  temperatures 
which  approach  those  at  great  depths  below  the  Earth's  surface. 
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CosMicAL  Relations 

It  is  the  external  part  of  the  Earth's  Held  represented  by  the 
primary  pjeoma^netie  time-variations,  such  as  diurnal  variation 
and  magnetic  perturbations,  to  which  we  nuist  look  for  study  of 
cosmical  interrelations,  and  in  these  spectacular  progress  has  been 
made.  From  the  beginning  of  systematized  magnetic  observa- 
tions and  records  there  has  been  evident  a  general  correlation 
between  the  Sun  and  the  Earth's  held.  Thus  with  the  discovery 
by  Ciraham  at  London  in  1722  of  the  variation  during  the  solar 
day,^  early  investigators  surmised  such  a  relation.  In  1741,  Celsius 
and  Hiorter  at  Upsala  confirmed  l)y  a  long  series  the  connection 
between  auroral  displays  and  distui  bances  in  the  normal  course  of 
the  needle.  With  the  accumulation  of  observational  data  on  the 
normal  and  disturbed  conditions  of  the  Earth's  field  from  month  to 
month  and  from  year  to  year,  it  has  long  been  apparent  that  a 
marked  relation  exists  between  annual  magnetic  means  and  the 
annual  averages  of  relative  sunspot-numbers. 

This  relation  has  been  further  disclosed  by  study  of  the  data 
on  the  magnetic  activity  of  the  Earth  obtained  by  many  observa- 
tories (during  1938,  50  in  number)  by  designating  magnetic  activity 
on  an  internationally  adopted  scheme  of  classification  maintained 
since  1906^  through  the  International  Meteorological  Organization 
and  the  International  Association  of  Terrestrial  Magnetism  and 
Electricity  on  a  scale  of  0,  1,  and  2.  The  mean  values  of  such 
character-numbers — that  is,  intrinsically  measures  of  magnetic  ac- 
tivity for  the  whole  Earth — have  proved  that  there  is  an  interrela- 
tion between  conditions  on  the  Earth  and  on  the  Sun  through 
indication  of  a  27-day  recurrence-tendency  of  geomagnetic  activity, 
which  is  in  harmony  with  the  period  of  rotation  of  the  central  part 
of  the  Sun.  Because  of  the  largely  quaUtative  type  of  this  simple 
measure,  there  was  adopted  in  September  1939,  during  the  Seventh 
Triennial  Assembly  of  the  International  Union  of  Geodesy  and 
Geophysics,  a  new  scheme  for  a  quantitative  measure  of  magnetic 
activity,  namely,  the  magnetic  three-hour-range  index,  iC,  varying 
from  0  to  9.    Through  joint  studies  of  the  United  States  Coast 

»  Father  Tachart,  in  the  presence  of  the  King,  at  Louveau,  Slum,  made  liourly 
experiments,  in  1682,  which  showed  the  compass-direction  to  be  different  on  seven 
different  flays — probably  these  were  made  at  different  times  of  the  day,  and  they  were 
thus  the  firi^t  real  indications  of  the  diurnal  variation. 

'  Compilations  of  this  measure  as  obtained  from  a  varying  number  of  observatories 
have  recently  been  made  from  1005  back  to  1884  by  G.  van  Dijk. 
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and  Geodetic  Survey  and  the  Department  of  Terrestrial  Magnetism 
of  the  Carnegie  Institution  of  Washington,  following  some  earlier 
experimentation  at  the  Adolf  Schmidt  Magnetic  Observatory  at 
Niemegk,  the  three-hour-range  index  was  established  as  a  valuable 
abstract  of  the  magnetograms,  providing  even  single  observatories 
with  good  estimates  of  world-wide  magnetic  conditions.  This 


lari  lari  iitso  'sei  isvo  i9»s  1900  rsoi 


Fig.  12.    Get)magnetio  activity  and  sunspot-numbers:  {A)  average  annual  values  for 
the  past  century;  {B)  monthly  means  1872-1939. 

index  is  currently  derived  from  data  obtained  by  seven  American- 
operated  observatories  [Cheltenham  (Maryland),  Tucson  (Ari- 
zona), Sitka  (Alaska),  Honolulu  (Hawaii),  San  Juan  (Puerto  Rico), 
Huancayo  (Peru),  and  Watheroo  (Western  Australia)],  and  is 
published  weekly  in  the  United  States  by  Science  Serince.  It  gives, 
for  the  first  time,  a  detailed  homogeneous  series  for  the  intensity 
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Fio.  13.    Three-hour-ranRe  indices  of  geomagnetic  activity,  January  1,  1940  to  January 
24,  1941,  plotted  in  27-day  periods  according  to  solar  rotations. 
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of  solar  corpuscular  radiation  affecting  the  Earth,  useful  Ix^th  in 
its  terrestrial  aspect — as  in  scientific  or  commercial  radio  work — - 
and  for  its  hearing  on  solar  physics.  Violent  magnetic  storms 
with  three-hour-range  index  of  9  occur  only  a  few  times  near  a 
sunspot-maximum,  but  it  is  equally  rare  that  any  full  three-hour 
interval  is  perfectly  free  from  disturbance.  This  means  that  tlie 
Earth  is  almost  constantly,  even  near  sunspot-minimum,  under 
the  influence  of  particles  (presumably  solar),  weak  as  this  influence 
may  be  at  times. 

The  intensity  of  the  ionizing  solar  wave-radiation  absorbed  in 
the  ionosphere  on  the  daylight  hemisphere  can  likewise  be  meas- 
ured geomagnetically  in  the  amplitudes  of  the  solar  daily  magnetic 
variation.  Analysis  of  18  years'  records  (1922-1939)  of  horizontal 
intensity  at  the  Huancayo  Magnetic  Observatory,  in  which  the 
magnitude  of  the  solar  daily  magnetic  variation  is  exceptional,  gave 
a  measure  for  the  ionizing  solar  wave-radiation  comparable  with 
the  relative  sunspot-numbers  as  the  only  available  complete  series 
of  daily  measures  of  solar  activity.  The  correlation-coefficient 
between  them  is  +  0.92  for  monthly  means  and  -f  0.984  for  annual 
means.  These  are  the  closest  relations  so  far  established  between 
phenomena  on  the  Sun  and  the  Earth. 

Besides  the  solar  diurnal  variation,  there  is  another  which  is 
smjdl  and  (juite  systematic,  namely,  that  associated  with  the 
Moon's  position.  The  most  conspicuous  lunar  effects  so  far  found 
in  any  geophysical  phenomenon — apart  from  the  tidal  observa- 
tions of  the  sea — appear  in  the  diurnal  variation  of  magnetic  hori- 
zontal intensity  at  Huancayo.  These  results  can  be  interpreted 
by  the  dynamo-theory  as  the  magnetic  field  of  electric  currents 
induced  in  the  oscillating  ionosphere  by  the  Earth's  permanent 
magnetic  field.  These  currents  must  flow  low  in  the  ionosphere, 
where  recombination  of  ions  is  rapid,  because  the  lunar  variation 
is  found  to  be  confined  to  the  daytime;  neither  primary  ionospheric 
currents  nor  secondary  currents  induced  within  the  Earth's  body 
cross  the  night  hemisphere  near  the  equator.  The  ionospheric 
air-motions  appear  to  be  much  more  dominated  by  tidal  oscilla- 
tions than  are  the  winds  near  the  ground,  because  the  Moon's  geo- 
magnetic effect  is  plainly  expressed  in  the  magnetograras  even  for 
single  days.  The  partial  tides  connected  with  the  Moon's  varying 
distance  from  the  Earth  arc  clcai  ly  recognized  in  the  geomagnetic 
records,  but  the  relations  of  the  amplitudes  and  pliase-angles  of 
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the  geomagnetic  partial  tides  to  the  main  semidiurnal  tide  differ 
significantly  from  those  in  the  gravitational  tidal  forces.  The 
study  of  geomagnetic  tides  provides  thus  a  new  approach  to  the 
study  of  resonance-phenomena  in  atmospheric  oscillations. 

Other  evidences  of  cosmical  influences  on  the  magnetic  field  of 
the  Earth  are  the  spectacular  displays  of  auroral  lights  which  are 
most  intense  during  periods  of  perturbation  of  the  Earth's  field 
when  they  are  always  seen  in  polar  regions.    To  explain  these 
phenomena  of  many  types,  mathematical  and  experimental  in- 
vestigations have  been  made,  especially  by  our  Norwegian  col- 
leagues.   I  need  hardly  call  to  mind  Birkeland's  well-known 
experiment  with  a  cathode  sphere  in  a  vacuum-chamber,  by  which 
he  demonstrated  the  accumulation  of  electrons  in  the  plane  of  the 
magnetic  equator.    !*>ince  that  time  his  successors  and  distin- 
guished colleagues  Stormer  and  \'egard  have  done  much  to  advance 
the  study  of  auroral  phenomena.    Depths  of  penetration  of  the 
auroras  are  determined  through  simultaneous  parallactic  photo- 
graphs and  physical  properties  through  interpretation  of  auroral 
spectra.    It  is  found  that  polar-light  beams  generally  do  not  come 
closer  to  the  Earth's  surface  than  about  50  miles;  some  come  no 
closer  than  300  miles  or  more.    Elaborate  calculations  of  the  paths 
of  electrified  corpuscles  which  are  entrapped  between  outermost 
lines  of  magnetic  force  of  the  Earth's  field  have  been  beautifully 
demonstrated  in  the  laboratory-  by  Briiche. 

The  regular  daily  magnetic  variation  is  the  effect  of  radiations 
from  the  Sun;  these  radiations  travel  with  the  speed  of  light  and 
are  absorbed  in  the  highest  layers  of  the  atmosphere,  making  these 
layers  electrically  conducting.    More  than  50  years  ago  Balfour 
Stewart  and  Arthur  Schuster  inferred  from  geomagnetic  data  that 
there  must  be  a  high  atmospheric  layer  of  great  electrical  con- 
ductivity.   This  has  been  confirmed  and  extended  by  direct  in- 
vestigations of  the  ionosphere  which  were  initiated  at  the  Depart- 
ment of  Terrestrial  Magnetism  in  1925.    This  fact  became  more 
important  after  the  invention  of  wireless  telegraphy  because  re- 
flections from  thevse  conducting  layers  are  found  to  be  responsible 
for  radio  transmission.    A  striking  confirmation  has  now  been 
furnished  by  the  recent  development  of  the  so-called  ionospheric 
apparatus  which  produces  records  automatically  by  photographing 
cc\»oeK  of  vertically  directed  variable-frequency  radio  waves;  from 
ttoe  records  the  electric  characteristics  of  the  several  conducting 
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Fig.  15.  Geomagnetic  and  ionospheric  record;*  showing  magnetically  quiet  (July 
31  to  August  1,  1937)  and  moderately  disturbed  conditions  (August  1  to  August  2, 
1937).  [The  ionospheric  records  for  the  two  normal  quarter-hours  on  August  1  are 
contra.sted  with  the  disturbed  conditions  resulting  from  the  storm  for  the  same  quarter- 
hours  on  August  2. 1 
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layers  of  the  ionosphere  may  be  deduced.  There  are  frequent 
sudden  fade-outs  of  high-frequency  radio  signals.  Examination 
of  geomagnetic  records  indicated  these  fade-outs  to  be  associated 
with  sudden  disturbances  in  the  Earth's  magnetic  field.  This 

directed  attention  to  the  Sun's  condition  as  a  possible  cause  and 
astronomers  were  called  upon  to  seek  possible  associations  with 
solar  phenomena.  The  astronomers  were  not  long  in  finding  that 
many  fade-outs  had  occurred  simultaneously  with  bright  eruptions 
in  the  solar  chromosphere. 

Thanks  to  the  extensive  network  of  stations  all  over  the  Earth 
keeping  constant  watch  for  these  chromospheric  eruptions,  a 
simihir  and  older  network  of  magnetic  observatories,  and  the 
channels  of  radio  communication,  data  on  these  associated  phe- 
nomena accumulated  rapidly.  Dr.  Deliinger's  compilation  of  such 
data  soon  showed  that  chromospheric  eruptions  alwaj's  accompany 
fade-outs  and  the  concomitant  magnetic  changes.  The  first  actual 
simultaneous  records  of  a  fade-out,  a  bright  eruption  in  the  solar 
chromosphere,  and  a  particular  bay-like  kind  of  geomagnetic 
disturbance  were  obtained  August  28,  1937.  Characteristically 
the  echoes  disappear  quite  suddenly  because  of  strong  absorptions 
of  the  radio  waves  as  they  pass  through  the  regions  at  a  level 
between  70  and  90  km.  Absorption  is  produced  by  the  intense 
ionization  of  this  region  by  the  ultra-violet  light  emanating  from 
the  solar  eruption. 

The  magnetic  storm  of  March  24,  1940,  probably  the  greatest 
magnetic  storm  ever  recorded,  was  an  event  of  unusual  geophysical 
interest.  In  addition  to  the  disruption  of  wire-communication  by 
electric  currents  induced  in  the  Earth,  this  storm  induced  earth- 
currents  of  such  magnitude  that  electric  power-systems  were 
severely  affected — the  first  time  such  effects  have  ever  been  re- 
ported. Computations  were  made  of  the  intensity  of  currents 
which  could  be  produced  by  magnetic  changes,  and  for  extreme 
cases  it  was  found  to  be  sufficient  to  produce  the  observed  efifects 
on  power-lines.  Thus  an  increased  practical  importance  of  cosmi- 
cal  research  in  geomagnetism  has  been  shown,  for  the  lengthy 
observations  extending  over  a  centiwy  supply  definite  information 
on  the  probability  of  occurrence  of  such  storms  and  therefore  on 
the  extent  to  which  it  is  advisable  to  improve  electrical  installa- 
tions to  avert  their  effects. 

Our  knowledge  of  magnetic  storms  is  being  rapidly  increased 
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through  study  of  the  large  body  of  data  which  has  been  made 
available  through  one  of  the  most  outstanding  examples  of  co- 
operative research — the  Second  International  Polar  Year.  Recog- 
nition that  facilities  must  be  provided  for  securing  records  of  the 
great  magnetic  storms  has  caused  a  number  of  observatories  to 
install  insensitive  magnetographs  capable  of  obtaining  complete 
tracings  for  greater  storms  than  have  ever  been  recorded  since 
regular  magnetic  recordings  were  begun  nearly  a  century  ago. 
With  the  aid  of  these  insensitive  magnetographs,  the  very  great 
storms  of  April  1938  and  of  March  1940  were  completely  recorded 
at  a  number  of  observatories. 
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Fig.  17.  GeomaKnetir  records  obtained  at  Potsdam-Xiemegk,  Germany,  during 
the  great  magnetic  storm  of  MarcJi  24-25,  1940,  the  greatest  storm  of  wliich  there  is 
record. 


Another  connection  between  geomagnetic  and  cosmic  phe- 
nomena has  only  recently  l)een  discovered — the  world-wide  de- 
crease in  the  intensity  of  cosmic  radiation  during  great  magnetic 
storms.  Although  such  an  effect  was  predicted  some  years  ago, 
observational  verification  was  not  achieved  until  the  occurrence 
of  the  great  magnetic  storms  of  the  present  sunspot-cycle.  The 
effect  was  noted  by  many  observers  during  the  great  storms  of 
April  1937  and  of  March  1940.  Since  the  magnetic  moment  of 
the  Earth  increases  during  the  main  phase  of  a  magnetic  storm,  a 
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decrease  of  cosmic  radiation  during  that  time  is  to  be  expected  on 
the  basis  of  the  well-established  variation  of  cosmic-ray  intensity 
with  geomagnetic  latitude.  However,  the  magnitudes  of  the 
expected  and  of  the  observed  effects  differ  greatly.  How  may 
this  discrepancy  be  reconciled,  and  what  bearing  does  it  have  on 
our  notions  regarding  magnetic  storms?  Some  have  thought  that 
if  the  main  phase  of  the  storm-time  field  is  due  to  a  ring-current, 
the  concomitant  change  in  cosmic-ray  intensity  may  be  reconciled 
if  we  regard  tlie  radius  of  the  ring-current  to  be  very  great.  But 
the  trajectories  of  cosmic-ray  particles  in  the  presence  of  a  large 
ring-current  are  exceedingly  complicated,  and  there  is  reasonal)le 
doubt  whether  the  observed  effects  could  he  produced  in  this 
manner.  Mathematical  treatment  has  l)een  inisuccessful  in  deal- 
ing with  the  problem.  It  has  also  been  found  that  the  cosmic-ray 
intensity  is  practically  always  low^er  for  the  five  international 
magnetically  disturbed  days  than  for  the  five  international  mag- 
netically quiet  days  of  each  month.  This  indicates  that,  on  the 
average,  the  cosmic-ray  intensity  is  lowered  on  days  of  magnetic 
disturbance,  which  is  in  accord  with  the  magnetic-storm  effect. 
It  has  also  been  discovered  that  the  13^^-day  and  27-day  waves 
in  cosmic-ray  intensity  are  closely  associated  with  those  for 
character-figure  and  magnetic  horizontal  intensity.  This  directs 
attention  to  a  possible  means  by  which  cosmic-ray  data  might 
serve  to  establish  the  existence  of  a  general  solar  magnetic  field. 

This  brings  us  to  another  promising  attack  in  the  laboratory, 
namely,  the  attempt  to  enlarge  knowledge  of  the  basic  nature  of 
magnetism  through  investigation  of  the  detailed  law^s  governing 
the  interaction  of  the  magnetic  particles  composing  all  matter. 
All  the  actions  and  reactions  in  the  world  of  physical  things  may 
l)c  expressions  of  three  fundamental  forces — gravitational,  electro- 
magnetic, and  nuclear.  Perhaps  all  three  may  ultimately  be 
reduced  to  different  aspects  of  the  same  all-pervading,  all-inclusive 
type.  Perhaps  some  obscure  atomic  effect  of  the  extremely  high 
pressures  of  the  centers  of  such  bodies  as  the  Earth  and  the  Sun 
may  be  the  cause  of  their  magnetization.  Therefore,  equipment 
has  been  recently  devised  for  the  experimental  studies  of  nuclear 
physics  through  the  use  of  high  voltages  such  as  the  electrostatic 
generator  and  the  cyclotron.  The  Carnegie  Institution  of  Wash- 
ington, has,  since  1938,  had  an  electrostatic  generator  capable  of 
developing  some  five  million  volts  and  has  now  partly  completed 
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a  cyclotron  which  may  reach  15  million  volts.  The  electrostatic 
generator  operates  under  50  to  60  pounds  gauge-pressure  and  is 
enclosed  in  a  large  steel  tank  55  feet  high  in  the  so-called  Atomic- 
Physics  Observatory — "Observatory"  since  we  look  at  the  in- 
finitely small  as  our  astronomical  colleagues  look  at  the  infinitely 
large  in  space. 

Conclusion 

Looking  back  over  three  centuries  of  research,  we  see  that  the 
general  interest  of  scientists  in  the  Earth's  magnetism  has  been 
waxing  and  waning  in  the  course  of  time.  In  the  days  of  Gilbert 
and  Halley,  and  in  the  classical  period  of  research  a  century  ago, 
when  Bache  and  his  colleagues  made  their  contributions  from 
America,  the  Earth's  magnetism  was  studied  in  the  belief  that  it 
might  prove  to  be  a  fundamental  phenomenon  similar  to  the 
Earth's  gravity.  When  these  hopes  were  not  easily  fulfilled,  the 
interest  turned  to  other  branches  of  science  seemingly  abundant 
in  far-reaching  discoveries.  Because  of  the  significant  recent 
advances  outlined  in  this  address,  however,  geomagnetism  has 
again  obtained  a  key  position  as  a  thriving  branch  of  geophysics, 
not  only  l)ecause  of  its  own  intrinsic  interest,  l)ut  mainlj'^  becaUvSe 
geomagnetic  conditions  represent  a  complete,  a  faithful,  and  an 
iiitelligil)le  record  of  cosmical  influences  to  which  the  Earth  and  all 
human  beings  are  subjected.  We  may  well  agree  with  Humboldt 
that  "Nothing  that  occurs  in  our  planet  can  be  supposed  to  be 
independent  of  cosmical  relations." 
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C.  W.  GARTLEIN 

Curator,  Department  of  Physics,  Ck>meII  University 

{Read  February  16,  1941,  in  Symposium  on  Oeomagneliam) 

The  polar  aurora  (borealis  and  australis)  is  a  luminosity  of 
the  night  sky  which  may  be  seen  at  certain  times  from  ahnost  any 
point  on  the  earth,  though  only  rarely  in  the  Tropics.  It  is 
characterized  by  certain  forms,  colors  and  variations.  The  aurora 
is  usually  yellowish  green  in  color,  but  red  and  violet  often  appear. 
The  forms  may  be  put  into  four  general  classes:  glows  or  diffuse 
surfaces;  arcs  and  bands;  rays,  draperies  and  coronas;  and  pulsating 
forms.  Most  of  these  have  special  significance  for  geomagnetism. 
The  work  of  Stormer  and  others  has  shown  that  these  displays 
occur  in  the  earth's  atmosphere  at  heights  60  to  1,000  km.  The 
spectrograph  has  revealed  that  the  light  is  radiation  from  the  usual 
atmospheric  constituents,  oxygen  and  nitrogen,  which  have  been 
excited  in  a  special  manner,  presumably  by  high  speed  particles. 

Serious  study  of  the  relations  of  the  aurora  to  geomagnetism 
began  in  1741,  when  Celsius  and  Hi()rter  pointed  out  that  magnetic 
disturbances  and  auroras  occurred  at  the  same  time  at  Uppsala, 
flraham,  at  London,  cooperated  with  Celsius  and  found  that 
magnetic  disturbances  occurred  at  the  same  time  there  as  at 
Uppsala.  Sometimes  the  magnetic  disturbance  preceded  the 
aurora.  Sabine  and  associates  showed  that  great  magnetic  storms 
are  accompanied  by  auroras,  but  small  disturbances  are  not. 
Conversely,  in  the  Arctic  regions  auroras  often  occur  without  much 
magnetic  disturbance,  that  is,  change  in  declination.  At  the  close 
of  the  nineteenth  century  Angot  remarked  that  in  middle  latitudes 
auroras  and  magnetic  storms  seemed  closely  related,  but  in  arctic 
regions  the  relation  was  not  closely  followed.  He  suggested  that 
arctic  auroras  might  be  different  from  temperate  auroras.  We 
will  consider  these  (}uestions  in  more  detail  after  we  look  at  other 
eail\-  geomagnetic  and  auroral  recordings. 

It  was  early  noted  that  auroral  arcs  stretch  across  the  sky 
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almost  at  right  angles  to  the  magnetic  meridian.  This  observation 
is  not  wholly  supported  by  later  work.  The  rajrs  of  the  aurora 
were  known  to  be  parallel  to  the  freely  suspended  compass  needle 
and  coronas  appeared  over  the  magnetic  zenith  as  first  noted  in 
1747,  and  the  corona  moved  as  the  magnetic  mclination  changed. 

To  summarize  our  present  knowledge,  we  may  say  that  the 
earth's  magnetic  field  varies  with  latitude  and  longitude.  It  has 
secular  variations  in  intensity,  declination  and  storminess  as  well 
as  diurnal  and  lunar  variations.  The  magnetic  storms  follow  an 
eleven  year  cycle  alM^ut  in  step  with  the  sunspot  cycle.  These 
storms  have  a  tendency  to  recur  at  twenty-seven  day  interx'als 
and  are  somewhat  more  frequent  at  the  equinoxes.  Earth  cur- 
rents occur  during  these  storms.  For  each  of  these  statements 
there  is  one  closely  similar  for  the  aurora  borealis. 

It  is  now  common  knowledge  that  auroral  displays  are  most 
frequent  in  polar  regions.  Fritz,  in  1881,  published  a  map  showing 
this  frequency  variation,  which  was  first  suggested  by  E.  Loomis 
in  1869.  Since  the  data  used  in,  deriving  the  map  were  necessarily 
taken  by  many  observers,  the  curves  are  not  as  precise  as  desired 
but  still  give  us  the  best  information  we  have.  We  learn  that 
only  one  aurora  is  seen,  on  the  average,  each  year  in  Florida  while 
about  twenty  are  seen  in  Maine,  and  about  one  hundred  per  year 
over  Hudson  Bay.  However,  only  about  one-third  as  many 
displays  are  seen  each  year  in  western  United  States  as  in  the  same 
latitude  in  eastern  United  States.  About  five  times  as  many 
displays  are  seen  at  a  given  latitude  in  the  United  States  as  are  seen 
at  the  same  latitude  in  Europe.  These  lines  of  equal  number  are 
plotted  as  ovals  whose  approximate  center  is  close  to  the  geo- 
magnetic axis  pole  and  the  curves  themselves  approximate  geo- 
magnetic parallels.  The  auroral  zone  is  usually  defined  as  a 
region  containing  the  curve  of  maximum  frequency,  about  100  per 
year.  This  zone  is  of  about  23°  radius  around  a  point  in  latitude 
78°  N.,  longitude  about  68°  W.,  the  north  geomagnetic  pole. 

The  number  of  auroras  seen  per  year  in  New  York  state  and 
nearby  is  plotted  in  Fig.  1.  It  should  be  noted  that  during  a  long 
period  at  least  twenty-five  auroras  were  seen  each  year  and  as 
many  as  one  hundred  and  ten  in  one  year. 

Other  correlations  with  the  earth's  permanent  field  are  found 
in  the  positions  of  auroral  arcs  and  the  angles  of  inclination  the 
auroral  rays  make  with  the  earth's  surface.    Observation  in 
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northern  Europe  in  the  nineteenth  century  indicated  that  the 
highest  point  of  an  auroral  arc  was  on  the  magnetic  meridian  and 
the  arc  was  perpendicular  to  it.  Observation  at  other  points, 
especially  in  arctic  regions,  showed  this  was  not  strictly  true. 
The  w^ork  of  Stormer  and  Vegard  has  shown  that  for  regions  inside 
the  auroral  zone  the  direction  of  arcs  is  quite  variable  but  for 
stations  outside  the  maximum  zone  arcs  lie  nearly  along  the  geo- 
magnetic parallels  with  the  western  end  5°  to  10°  north  of  the 
parallel.    The  work  of  Vestine  and  Chapman  shows  that  arcs  are 

120  1  


Fig.  1.    Auroras,  magnetic  activity  and  sunspots. 


about  parallel  to  the  calculated  direction  in  which  currents  would 
flow  in  the  upper  atmosphere  to  produce  certain  magnetic 
disturbances. 

The  earh'  observation,  that  auroral  coronas  (Fig.  2)  are  formed 
at  the  magnetic  zenith  (opposite  to  direction  of  magnetic  dip)> 
has  been  universally  confirmed.  Vegard  has  summarized  many 
observations  and  concluded  that  for  all  stations  the  auroral  corona 
is  at  the  magnetic  zenith  of  that  particular  time.  The  magnetic 
zenith  is  shifted  a  little  lower  in  the  sky  during  auroral  displays, 
which  are  usually  times  of  magnetic  disturbance. 

The  corona  is,  of  course,  a  perspective  effect,  as  rays  are  every- 
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where  parallel,  as  can  be  seen  by  looking  north,  or  sometimes 
south  as  during  the  great  aurora  of  August  llth-12th,  1939. 
Figure  3  shows  a  photograph  of  a  bundle  of  rays  appearing  toward 
the  east  from  Ithaca,  on  October  15,  1939.  These  rays  make  an 
angle  of  about  70°  with  the  horizon  while  the  quiet  day  dip  angle 
is  about  73°.    The  rays  are  toward  the  eastern  end  of  a  faint 


Fig.  2.    Auroral  corona  at  Ithaca,  April  17,  1939,  1:17:52  a.m.,  within  2°  of  normal 

magnetic  zenith. 


horseshoe  curved  band.  Faint  pulsating  patches  also  were  re- 
corded by  this  photograph. 

The  aurora  appears  at  irregular  intervals  but  when  the  number 
of  appearances  in  each  j-ear  is  plotted  over  many  years  (Fig.  1) 
we  find  a  rise  and  fall  in  eleven  year  cycles,  though  with  some 
lag  from  the  peak  of  the  sunspot  cycle.  The  magnetic  activity 
curve  follows  the  sunspot  cycle  more  closely  in  time,  the  lag  being 
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Fig.  3.    Rays  ea.st  of  Ithaca,  October  15,  1939,  illustrate  parallelism  with  earth's  field. 


about  six  months.  A  solar  influence  on  l)otli  auroras  and  magnetic 
activity  is  indicated.  The  three  phenomena  also  exhibit  a  long 
time  secular  variation  of  unknown  period.  A  diurnal  period  is 
known  in  geomagnetism  but  not  clearly  proved  in  auroral  work 
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except  for  certain  stations  in  arctic  regions  where  maximum  ac- 
tivity occurs  at  about  eleven  p.m.  by  magnetic  time.  A  small 
effect  of  the  moon  on  geomagnetism  is  known  but  no  similar 
influence  is  shown  on  the  aurora  except  that  moonlight  outshines 
the  weaker  displays  whose  presence  can  then  only  be  detected  by 
spectrosQopes. 

Figure  4  shows  the  total  number  of  auroras  seen  in  New  York 
state  in  each  month  during  the  period  1880-1870.  The  aurora 
is  thus  most  frequent  near  the  eciuinoxes  as  are  magnetic  storms. 
Auroras  have  a  tendency  to  recur  after  twenty-seven  days  as  do 
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Fig.  4.   Total  auroras  in  each  month  for  the  years  1830-1870  corrected  to  31  day  months. 


magnetic  storms.  We  have  studied  tliis  tendency  for  some  of  our 
data  and  find  that  the  recurrence  after  twenty-seven  days  occurs 
about  as  often  as  occurrences  on  two  successive  nights.  The  hrst 
occurs  one  time  in  five  and  the  second  about  one  in  four. 

We  have  several  times  above  noted  a  correlation  between 
magnetic  ''storms"  and  auroras.  (A  magnetic  storm  is  a  some- 
what erratic  fluctuation  of  the  magnetic  elements  over  a  period 
which  ranges  from  a  few  hours  to  several  days.  The  magnetic 
intensity  changes  only  a  few  per  cent.)  This  relation  has  been 
noted  in  many  cases  but  data  from  different  sources  are  conflicting. 
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It  is  generally  agreed  that  in  lower  latitudes  (geoniaj:;netic  50°), 
such  as  that  of  Washington,  auroral  disph\ys  accompany  intense 
magnetic  storms.    It  was  formerly  believed  that  magnetic  storms 
and  auroras  in  polar  regions  were  not  always  related.  Vegard 
showed  that  strong  auroras  often  occur  at  Bossekop,  Norway,  in 
the  early  evening  during  only  minor  magnetic  disturbance.  The 
work  of  the  Byrd  expedition  showed  that  increased  auroral  activity 
occurred  on  the  same  day  or  the  day  following  a  maximum  in 
magnetic  activity.    Whenever  close  correlations  in  time  between 
these  phenomena  are  considered  we  find  discrepancies  as  though 
one  were  not  governed  only  by  the  other.    Little  data  were  readily 
available  on  auroras  in  the  United  States  so  the  National  Geo- 
graphic Society  and  Cornell  University  began  a  study  in  1938. 
Photographic  stations  were  set  up  at  Ithaca,  Geneva  and  Hamilton, 
New  York,  and  many  amateur  astronomers  have  aided  by  making 
visual  observations.    Etiough  data  will  soon  be  available  to  study 
some  of  these  correlations  in  detail. 

Using  these  data  taken  at  Ithaca  and  a  few  other  stations 
during  the  interval  March,  1938  to  October  14,  1939,  we  have 
drawn  Fig.  5.    We  have  selected  the  nights  of  aurora  on  which  we 
had  sufficient  data  to  assign  a  character  figure  for  each  three  hour 
period  of  observation.    The  auroral  characters  are  defined  ap- 
proximately as  follows:  0  =  no  aurora;  G  =  a  small  glow;  1  =  an 
arc  or  weak  rays;  2  =  a  display  of  rays  extending  up  40°  from  the 
horizon;  3  =  a  bright  flisplay  extending  nearly  to  the  zenith;  and 
4  =  a  brilliant  displa\',  usually  extending  south  of  the  zenith. 
The  magnetic  A'  figures  indicate  the  maximum  range  in  variation 
of  the  most  disturbed  element  during  the  three  hour  period  as 
defined  in  papers  by  Bartels,  Heck  and  Johnson.    During  the  one 
hundred  twenty-three  nights  of  aurora  we  had  fifteen  periods  of 
auroral  character  0,  eighty-eight  of  G,  thirty-eight  of  1,  forty-four 
of  2,  thirty  of  3,  and  eleven  of  4.    The  chart  was  prepared  by 
tabulating  the  number  of  times  in  the  above  group  a  given  auroral 
figure,  say  2,  occurred  when  the  K  figure  was  a  certain  value,  say  5. 
This  particular  case  happened  eleven  times.    Similarly,  for  other 
values.   We  find  a  definite  correlation,  the  coefficient  of  correlation 
being  .63.   The  lack  of  one  hundred  per  cent  correlation  is  not 
due  alone  to  the  fact  that  auroral  numbers  are  partly  estimated, 
but  appears  to  indicate  the  effect  of  another  agency,  possibly  the 
state  of  the  higher  atmosphere  into  which  the  disturbance  produc- 
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ing  particles  come.  A  similar  correlation  but  using  the  magnetic 
number  from  the  previous  three  hour  period  gave  a  correlation  of 
only  .49,  and  a  much  poorer  correlation  between  high  magnetic 
numbers  and  high  auroral  numbers.  Further  study  will  shortly 
be  made. 

It  is  known  that  large  earth  currents  flow  during  times  of 
magnetic  storms  and  correlations  between  these  phenomena  are 


1 

MA( 

2 

3NETIC  K  RGURE 
3  1  4  1  5  1  6 

• 

"7 

f 

Q 
O 

Q 

• 

• 

o 

DHD 

o 

r  ^ 

A 
U 

• 

EEEB 

• 

K 
0 
R 

• 

□Mm 

A 

o 

• 

• 

• 

Correlation  r*.63  P<OI 


226  PAIRS    1938-1939.  ITHACA.  MY. 

Fia.  .5.    Correlation  between  auroral  and  magnetic  character  figures  for  the  same  3 

hour  intervals. 

very  good.  Similarly  a  comparison  of  earth  current  data  (obtained 
by  the  Bell  Telephone  Laboratories)  with  auroral  records  indicates 
that  in  many  cases  the  greatest  currents  flow  within  a  few  minutes 
of  the  peak  of  the  aurora  and  all  nights  of  aurora  are  periods  of 
earth  current  activity. 

In  conclusion  we  may  note  that  while  correlations  between 
geomagnetism  and  aurora  are  not  usually  of  an  obvious  cause  and 
effect  nature,  it  seems  necessary  that  any  theory  of  the  magnetic 
storms  must  also  account  for  the  auroral  displays. 
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CONTRIBUTIONS  OF  IONOSPHERIC  RESEARCH  TO 

GEOMAGNETISM 


L.  V.  BEKKinSR 

Department  of  Terrestrial  Magnetism,  Carnegie  Institution  of  Washington 
{Read  February  16, 1941,  in  Symposium  on  Geomagn^ism) 

The  concept  of  an  electrified  outer  atmosphere  as  a  source  of 
geomagnetic  and  auroral  effects  dates  back  to  Professor  Balfour 
Stewart  in  1882,  though  the  earlier  writings  of  Gauss  consider  its 
possibihty.  Subsequently,  the  names  of  Schuster,  Kennelly, 
Heaviside,  Lorentz,  Eccles,  Larmor  and  many  others,  loom  large 
in  the  development  of  the  concept. 

Ionized  layers  of  the  outer  atmosphere  were  observed  directly 
by  Appleton,  and  by  Breit  and  Tuve  in  1925  by  somewhat  different 
methods.  Both  used  radio  waves.  Of  these,  the  echo-method 
of  Breit  and  Tuve  has  now  been  adopted  almost  universally.  By 
this  method  a  short  pulse  of  radio  waves  is  sent  upward  and  the 
time  measured  for  the  echo  to  return.  An  equivalent  or  virtual 
height  to  which  the  wave  would  travel  at  this  velocity  can  be 
computed  assuming  it  to  have  traveled  at  the  velocity  of  light. 
The  density  of  ionization  which  reflects  the  wave  at  this  level  is 
measured  by  the  wave-frefjuency  transmitted.  Corresponding  to 
each  w^ave-frequency  is  a  particular  density  of  ions  which  will 
reflect  the  wave.  The  virtual  heights  of  each  of  all  ion-densities 
can  be  measured,  as  in  Fig.  l-D,  when  measurements  arc  made  on 
each  of  all  necessary  wave-frequencies.  Such  a  series  of  determina- 
tions can  be  formed  into  a  record  such  as  shown  in  Figs.  2-^1  and 
B,  From  data  of  this  kind,  the  actual  heights  and  densities  of  the 
ion-layers  of  the  outer  atmosphere  are  determined.  This  determi- 
nation depends  upon  the  "magneto-ionic  theory." 

Complete  experimental  confirmation  of  the  magneto-ionic 
theory  constitutes  one  of  the  triumphs  of  ionospheric  research. 
This  theory  provides  the  tool  for  exact  measurement  of  equivalent 
electron-densities  at  various  levels  using  radio  waves.  Let  us 
consider  some  of  the  confirming  evidence.    For  instance,  the 
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theory  predicts  that  a  radio  wave,  propagated  in  the  ionosphere  in 
the  presence  of  the  Earth's  magnetic  field,  will  be  split  into  two 
wave-components.  The  behavior  of  these  wave-components  will 
be  more  complex  than  the  simple  wave  transmitted  and  they  will 
be  propagated  differently;  one  wave-component  will  be  reflected 
at  a  lower  electron-density  than  the  other.  Observation  shows 
that  two  such  components  are  returned  from  the  ionosphere.  The 
theory  says  that  the  wave-frequency  at  which  each  wave-com- 


(A)  SKETCH  OF  OS-  (B)  UPPff  POOTIOH  (C)  SUCCESSION  (o)  MULTlFREQUENCr  PECORD  OBTAINED 
CILLOORAM  SHOW-    OF  ECHO-DEFLEC-    OF  FOCUSED  WHEN  WAVE-FREQUENCr  IS  INCREASED 

ING  TRANSMITTED  TlON  CONDENSED'  ECHO-DEFLEC-  IN  INCREMENTS  BETWEEN  SUCCESSIVE 
PULSE  AND  sue-     Br  LENS  TO  T  IONS  ON  MOVING  PULSE  -  TRANSMISSIONS 


CESSION  OF  ECHOES     SINGLE  L  INE  FILM  

Fia.  1.    Diagrammatic  sketch  showing  formation  of  multifrequency  ionospheric 

records. 

ponent  will  penetrate  a  layer  will  differ  by  an  amount  which  is  a 
function  of  the  strength  of  the  geomagnetic  field.  Observation 
shows  this  separation  of  penetration-frequencies  to  be  just  the 
amount  predicted.  At  Washington  the  difference  is  about  twice 
that  at  Huancayo  where  the  geomagnetic  field-strength  is  only 
half  as  great.  Finally,  the  theory  states  that  at  the  magnetic 
equator,  where  the  field  is  horizontal  overhead,  the  two  reflected 
wave-components  will  vibrate  in  mutually  perpendicular  planes, 
one  alwaj's  along  the  field,  the  other  perpendicular  to  it.  At 
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Huancayo  Magnetic  Observatory  these  special  conditions  exist. 
Fig.  3  shows  the  result  of  experiments  conducted  by  my  col- 
league, Mr.  Wells.  An  antenna  placed  in  the  magnetic  north- 
south  plane  receives  only  one  component;  in  the  east-west  plane 
only  the  other  is  observed,  while  at  any  intermediate  angle  both 
components  are  evident.  Thus  the  performance  required  by 
theory  is  fulfilled.  In  these  and  other  experiments  the  reasoning  of 
the  theory  has  been  tested  step  by  step  until  little  doubt  remains  of 
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BAND  CHANCE  SCALE  OT  WAVE-FRCOUCNCY  IN  MC/S£C 

Fig.  2.    Typical  ionospheric  record  near  noon  in  summer  at  midlatitudes,  Watheroo 

Magnetic  Observatory,  November  26,  1939. 

its  essential  validity.  One  important  question  is  yet  to  be  tested, 
and  the  result  will  not  affect  our  computations  too  seriously.  It 
relates  to  the  value  in  the  outer  atmosphere  of  a  physical  constant 
which  we  may  call  the  ''Lorentz  polarization-correction."  Some 
experiments  on  this  point  have  been  made,  but  again  the  theory 
tells  us  that  we  may  sometime  settle  the  question  conclusively  by 
making  measurements  on  some  future  expedition  which  will  carry 
us  very  close  to  the  north  or  south  magnetic  poles. 

I  mention  proof  of  the  theory  in  some  detail  for  it  permits  exact 
quantitative  measurements  in  atmospheric  regions  far  removed 
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WAVE-FREQUENCY  IN  MC/SEC  WAVE- F REQUENCr  IN  MC/SCC 

FIG.  3 

Fig.  3.  Polarization'tests*at*geomagnetic  equator  with  rotatable  antenna,  Huan- 
cayo  Magnetic  Observatory,  January  11,  1940  (antenna  orientation  with  respect  to 
Earth's  magnetic  field:  A'-^,  north-south;  E-W,  east-west;  NW-SE,  northwest-south- 
east). 
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from  the  Earth.  In  this  proof  the  geomagnetic  field  has  played 
the  essential  role.  But  it  now  seenis  probable  that  suitable  experi- 
ments with  improved  apparatus  will  reverse  this  role  and  that 
variations  of  the  geomagnetic  field  may  be  measured  with  precision 
at  great  heights  by  ionospheric  observation.  For  example,  suppose 
the  magnetic  diurnal  variation  be  measured  at  a  certain  height 
above  the  Earth's  surface.  If  at  this  height  we  are  above  the 
level  of  the  electric  currents  producing  this  change,  the  diurnal 
variation  will  oppose  that  observed  at  the  Earth's  surface.  In 
this  way  we  may  reasonably  expect  to  determine  the  level  of  flow 
of  the  great  electric  current-systems  in  our  outer  atmosphere. 

There  are  three  important  ionized  layers  in  the  outer  atmos- 
phere under  direct  influence  of  the  Sun.  These  are  the  E-layev 
with  maximum  density  of  electrons  at  a  level  of  about  100  km, 
the  Fi-layer  at  about  225  km,  and  the  FiAayer  at  some  350  km. 
The  tw^o  upper  layers  do  not  exist  separately  everywhere,  but 
merge  where  the  Sun  is  low  and  form  a  single  layer  in  the  night. 
This  is  illustrated  in  Fig.  4,  where  the       layer  appears  as  an 


Fig.  4.    Structure  of  ionosphere  in  sunlit  hemisphere. 


enormous  bulge  of  ionization  above  the  Fi-layer,  reaching  a  maxi- 
mum of  height  directly  under  the  Sun.  Clearly  the  heights  of  the 
layers  are  not  constant  but  change  with  time  of  day  and  season, 
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with  latitude,  and  even  with  time  along  the  sunspot-cycle.  The 
density  of  ionization  of  the  fayers  similarly  changes,  for  pre- 
dominantly the  free  electrons  of  the  layers  are  produced  by  inter- 
action of  the  Sun's  ultraviolet  light  with  the  molecules  along  the 
light-path.    At  night  the  ion-density  diminishes. 

Dependence  of  outer  atmospheric  ion-density  upon  sunspot- 
activity  is  very  marked.    This  is  illustrated  in  Fig.  5.    Here  the 


FiQ.  5.    Relation  between  electron-density  of  i'Vregion  and  sunspot-n umbers, 

1933-40. 


average  annual  maximum  density  of  electrons  in  F2-region  at  noon 
as  measured  at  Huancayo  is  compared  with  annual  averages  of 
sunspot-numbers.  That  the  two  agree  in  form  of  variation  can 
hardly  be  doubted.  From  sunspot-minimum  to  maximum  the 
change  of  average  annual  ion-density  was  about  one  to  three  for 
f  2-region.  The  lower  regions  show  a  change,  similar  in  form,  but 
of  smaller  magnitude.  Over  the  same  interval  the  E-  and  Fi- 
regions  increased  in  density  also,  but  only  by  some  50  per  cent. 
This  distinction  is  important  to  interpretation  of  geomagnetic 
effects. 

What  evidence  relating  to  geomagnetic  diurnal  variation  can 
be  obtained  from  the  ionosphere?    The  most  obvious  is,  of  course. 
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the  distribution  of  ions  and  electrons  in  the  various  layers.  Onl}^ 
in  regions  where  sufficient  electrification  exists  can  there  flow 
electrical  currents  to  produce  the  geomagnetic  change.  But  ion- 
density  alone  does  not  entirely  determine  the  matter.  The  con- 
tribution of  each  ion  to  the  electrical  conductivity  must  be  con- 
sidered, and  this  depends  on  temperature  and  pressure  of  the 
atmosphere,  on  tlie  masses  associated  with  the  changes,  and  on  the 
strength  of  the  geomagnetic  field.  All  these  taken  together 
indicate  that  most  suitable  conditions  for  maximum  current-flow 
probably  exist  at  a  level  around  70  or  80  km  above  the  Earth's 
surface.  Experiments  have  been  suggested,  but  not  yet  made, 
whose  results  should  lead  to  quite  precise  estimates  of  electrical 
conductivity  at  the  several  heights. 

The  geomagnetic  diurnal-variation  changes  in  value  by  some 
50  per  cent  from  minimum  to  maximum  of  sunspot-activity.  This 
corresponds  under  like  conditions  to  observed  changes  in  ion- 
density  of  E-  and  Fi-regions,  but  is  greatly  different  from  the 
change  of  some  300  per  cent  in  Fj-region  ion-density.  This  evi- 
dence would  seem  to  exclude  the  high  Fs-region  as  an  important 
factor  in  the  geomagnetic  diurnal  variation. 

Evidence  during  radio  fade-outs,  first  pointed  out  by  Dellinger, 
is  of  almost  conclusive  importance  (Fig.  6).  The  radio  fade-out  is 
coincident  with  a  bright  eruption  in  the  solar  chromosphere,  and 
with  a  geomagnetic  change  of  unique  character  (for  example,  see 
Fig.  15  of  paper  by  J.  A.  Fleming,  page  291).  Ultraviolet  light 
emanating  from  the  eruption  produces  intense  ionization  of  the 
lower  ^-region  where  the  radio  waves  are  absorbed,  but  the  upper 
ionospheric  layers  are  left  relatively  undisturbed.  McNish  has 
shown  that  the  unique  geomagnetic  change  associated  with  the 
fade-out  is  an  augmentation  of  diurnal  variation  (Fig.  7).  That  is, 
during  the  fade-out,  geomagnetic  diurnal  variation  increases  be- 
cause of  increased  conductivity  of  the  current-path.  Because  the 
atmospheric  region  below  100  km  appears  almost  solely  affected 
during  the  fade-out,  it  seems  probable  that  not  only  the  unique 
geomagnetic  pulse  but  also  the  whole  diurnal  variation,  of  which 
the  pulse  is  but  an  augmentation,  arises  from  electric  current-flow 
at  about  these  levels. 

Ionospheric  effects  associated  with  geomagnetic  storms  appear 
predominantly  in  the  F-regions.  Detailed  investigations  of  these 
interesting  phenomena  are  of  recent  date,  since  the  introduction 
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of  modern  automatic  ionospheric  recording  methods.  During 
magnetic  disturbance,  the  ionospheric  effects  are  so  varied  as  to 
defy  complete  description  here.  There  are,  nevertheless,  certain 
definite  singularities  during  severe  disturbances  which  can  be 
illustrated  by  reference  to  the  great  magnetic  storm  of  March  24, 
1940.  First  we  see  from  Figs.  8-10  that  the  ionosphere  felt  the 
impact  of  the  storm  at  its  commencement  simultaneously  on  both 
sides  of  the  Earth.    At  the  Huancayo  and  Watheroo  magnetic  ob- 


Fia.  6.  Wave-frequency  boundaries  given  reflection-limitation  during  fade-out; 
illustrating  upward  projection  of  lower  or  absorption-limit  for  fade-out  of  July  31,  1937, 
Kensington,  Maryland. 

servatories,  in  almost  opposite  longitudes,  the  time  of  commence- 
ment was  the  same  as  nearly  as  could  be  determined.  During  the 
development  of  the  storm  the  F-regions  simply  blew  up  and  out. 
At  Huancayo  (midday)  the  Fi-region  disappeared  at  great  heights 
to  be  eventually  replaced  b}^  a  new  Fa-region  under  the  action  of 
the  Sun.  At  Watheroo,  the  F-region  broke  up  into  small  ion- 
clouds  within  the  hour.  From  this  it  must  not  be  inferred  that 
changes  associated  with  magnetic  activity  are  confined  to  the  F- 
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regions  for  increased  absorption  is  evident  at  the  100-km  level. 
But  the  most  spectacular  effects  are  observed  at  the  higher  levels. 
The  effect  of  such  disturbances  on  radio  transmission  can  be 
imagined,  for  the  radio  waves  must  be  scattered  back  and  forth 
between  small  ion-clouds  until  much  of  the  energy  is  lost. 


.FIG.  B-COMPAHATtve  TIME  OF  COMMeNC€MENT_ 
OF  IONOSPHERIC  DISTURBANCE  COINCIDING 
WITH  MAGNETIC  STORM  OF  MARCH  24,  1940, 
WATHEROO  ANO  HUANCAYO  MAGNETIC  OBSER- 
VATORIES 


Fig.  S.    Simultaneity  of  ionospheric  disturbance  with  geomagnetic  storm. 
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The  nature  of  the  relation  between  ionospheric  and  magnetic 

di.^turbances  is  not  yet  evident.  It  may  be  that  ionospheric 
changes  arise  in  part  from  potentials  intluced  by  the  magnetic 
field-change.  On  the  other  hand,  it  seems  probable  that  some 
changes  are  produced  by  direct  bombardment  of  the  outer  atmos- 
phere by  corpuscuhir  radiation  emanating  from  the  Sun.  Finally 
it  may  be  that  the  ionospheric  changes  arc  effective  in  influencing 
the  geomagnetic  fluctuations.  Whether  the  ring  current-system 
associated  with  the  storm  is  in  the  ionosphere,  or  above  it,  is  not 
yet  known.  It  may  be  said  with  assurance,  however,  that  this 
part  of  the  investigation  of  geomagnetism  has  only  begun. 


CORRELATIONS  OF  SHORT  WAVE  RADIO  TRANSMISSION 
ACROSS  THE  ATLANTIC  WITH  MAGNETIC  CONDITIONS 


H.  E.  HALLBORG 
Research  Engineer,  R.C.A.  Communications,  Inc. 

{Raid  February  15,  1941,  in  Symposium  on  Geomagnetimi) 

I.  Introduction 

Short  wave  radio  transmission,  and  the  concurrent  magnetic 
fluctuations  in  similar  latitudes  are  intimately  associated  with 

changing  rotational  radiations  from  the  sun.  In  fact,  three  broad 
fields  of  research,  namely,  the  ionosphere,  short  wave  radio  trans- 
mission and  geomagnetism  have  characteristics  and  properties  due 
to  a  common  origin,  the  sun. 

It  is  well  known  that  short  wave  radio  transmission  is  largely 
controlled  by  the  diurnal  and  seasonal  characteristics  of  the  iono- 
sphere. It  will  be  the  purpose  of  this  paper,  however,  to  illustrate 
some  of  the  most  outstanding  correlations,  which  have  been 
observed  by  the  author,  connecting  long  distance  short  wave  radio 
transmission  with  geomagnetism.  The  major  interest  will  be 
centered  in  the  Atlantic,  in  high  geomagnetic  latitudes;  but  since 
a  broader  perspective  of  short  wave  radio  transmission  is  desirable 
a  comparison  of  conditions  at  both  high  and  low  geomagnetic 
latitudes  will  be  included.  For  this  reason,  short  wave  trans- 
missions to  New  York  from  North  Europe,  South  America  and 
San  Francisco,  and  from  the  Orient  to  San  Francisco  are  included. 

The  apparent  relationship  which  has  been  observed  to  obtain 
between  magnetic  disturbance,  signal  and  power  over  the  North 
Atlantic,  and  at  lower  geomagnetic  latitudes,  will  be  briefly 
reviewed.  The  latitude  relationship  is  deduced  from  H  intensity 
range  data  for  all  North  American  magnetic  observatories  made 
available  to  R.  C.  A.  C.  through  the  courtesy  of  the  U.  S.  Coast 
and  Geodetic  Survey. 

II.  Measurement  Methods 

Simple  and  readily  applied  units  of  measurement  are  a  requisite 
to  world  wide  correlation.    It  was  recognized  that  the  most 
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prolific  source  for  short  wave  transmission  data  would  be  from 

normal  operation  on  commercial  world  wide  traflic.  This  re- 
quirement led  to  tlie  application  of  a  number  rating  system  allow- 
ing the  receiving  technicians  to  estimate  transmission  conditions, 
on  each  eight  hour  watch,  on  selected  circuits.  The  disturbance 
number  rating  system,  adopted  by  R.  C.  A.  C,  and  used  since  1938, 
is  shown  in  Table  I. 


TABLE  I 

Circuit  Rating  Number  Disturbanoe  Condition  Signal  Condition 

0  Unusually  quiet  Unusual  strength 

1  Xdrmal  Strength  and  fading  normal 

2  Slight  Slightly  below  normal 

3  Moderate  Considerably  below  normal 

4  Severe  Nearly  out;  but  still  audible 

5  Complete  drop-out.  Inau(jUble 


Earth  current  variations  at  the  R.  C.  A.  C.  lliverhead  Record- 
ing Station  are  measured  in  hourly  units  of  "percentage  varia- 
bility." This  unit  is  an  expression  for  the  measured  length  of  the 
earth  current  trace  per  hour  in  terms  of  hourly  baseline.  For 
instance,  "100  per  cent  variability"  means  that  the  measured  earth 
current  trace  length  is  twice  the  baseline  length.  Percentage 
variability  is  an  expression  which  is  proportional  to  the  mean  rate 
of  change  of  the  earth  field  during  the  hour. 

Cheltenham  magnetograms  are  analyzed  for  hourly  departures 
of  the  H  intensity  range  by  the  customary  procedure.  A  running 
chart  is  issued  covering  each  solar  rotation  of  27  days.  This 
chart  divides  each  day  into  4  six  hour  periods.  The  sum  of  the 
H  ranges  in  each  6  hour  period  is  plotted  as  ordinates  in  27  day 
sequences. 

The  Cheltenham  magnetic  activity  chart  provides  for  a  very 
considerable  degree  of  circuit  condition  prediction  since  many  solar 
disturbances  persist  for  G  or  more  rotations  of  the  sun.  The  chart 
is  a  continuous  record  of  solar,  magnetic  and  ionosphere  activity. 
The  form  of  the  chart  is  shown  in  the  upper  portion  of  Fig.  10. 

A  reproduction  to  scale  of  Riverhead  Earth  Current  traces 
corresponding  to  R.  C.  A.  C.  Circuit  Disturbance  Rating  Numbers 
0  to  5  is  shown  in  Fig.  1.  Under  each  rating  number  is  written 
the  observed  mean  percentage  variability  corresponding  to  that 
number.  The  sketch  above  each  number  illustrates  one  equivalent 
shape  of  the  trace. 
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It  is  of  interest  to  compare  tlie  new  3  Hour  K  index  method  of 
magnetic  rating,  with  the  equivalent  R.  C.  A.  C.  circuit  disturb- 
ance ratings.  This  comparison  is  made  in  Fig.  2.  The  ordinates 
in  this  Figure  are  Cheltenham  H  intensity  ranges,  and  the  abscissas 
R.  C.  A.  C.  disturbance  and  K  index  ratings.    A  considerable 


30OO 


t600 


Fig.  1. 


band  of  overlap  is  seen  to  exist.  The  practical  result  of  this  over- 
lap between  mutual  values  0  to  5  is  that  R.  (\  A.  C.  disturbance 
ratings  and  K  values  are  interchangeable.  All  values  of  K  above 
5  will  still  produce  R.  C.  A.  C.  rating  5 — namely,  complete  signal 
drop-out  or  inaudibility. 
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3-HOUR  K  INDEX  OP  MAGNETIC  ACTIVITY 
RCAC  CIRCUIT  DISTURBANCE  RATING 

FlO.  2. 

III.  Earth  Current  Variability  and  Signal  Correlation 

London  Signal  '^GLH/'  13525  Kc,  was  continuously  recorded 
during  the  month  of  April,  1936  at  Riverhead,  N.  Y.,  and  compared 
with  the  correspondmg  Riverhead  earth  current  trace  variabiUty. 
Both  quantities  were  reduced  to  a  mean  daily  figure.  The  result 
of  signal  vs  variability  observations  is  shown  in  Fig.  3.  The 
days  of  the  month  are  identified  by  numbers,  and  the  magnetic 
condition  of  each  day  by  the  magnetic  legend.  Three  broad  types 
of  days  were  segregated,  namely,  quiet,  storm  and  post-storm 
days.  The  full  hne  curVe  is  the  form  the  points  would  have 
assumed  if  they  follow  preciseh'  the  inverse  variability  law.  If 
post-storm  days  are  neglected,  during  which  period  the  signal  is 
controlled  by  absorption,  the  inverse  variability  law  is  a  fair  mean 
of  all  observations.  The  decibels  above  and  below  normal  signal 
in  terms  of  disturbance  ratings  are  indicated  in  the  lower  portion 
of  Fig.  3. 
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This  signal  inverse  variability  relation  has  provided  a  means 
for  computing  the  range  of  power  that  will  permit  commercial 
signaling  across  the  Atlantic  for  various  degrees  of  magnetic 
disturbance.  This  subject  is  considered  in  more  detail  in  the  next 
Section. 
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Fig.  3. 


IV.  Antenna  Power  vs  Magnetic  Disturbance 
AT  Geomagnetic  Latitude  59**  N 

It  was  indicated  in  Fi<!;.  3  tliat  the  order  of  si<;nal  level  below 
normal  for  circuit  rating  3  was  14.9  db.  Experience  has  indicated 
that  during  such  disturbance  level  over  the  North  Atlantic  the 
standard  20/40  KW  R.  C.  A.  transmitter  will  be  operating  at 
maximum  rated  power,  namely,  40  KW,  to  avoid  circuit  interrup- 
tion. If,  therefore,  40  KW,  and  circuit  rating  3,  be  taken  as  unity, 
and  if  the  power  varies  inversely  as  the  earth  current  variability, 
the  power  range  for  all  disturbance  ratings  will  vary  in  accordance 
with  Fig.  4. 
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The  extreme  range  of  power  will  consequent  1\  be — 

Ratine  KW  Power  Ranee 

5  3460  7200 

0  .48 

V.  The  Significance  of  Geomagnetic  Latitude 
IN  Short  Wave  Transmission 

The  geomagnetic  polar  region  is  a  zone  of  high  magnetic 
activity,  consequently  of  severe  short  wave  fading.  The  equa- 
torial region,  on  the  other  hand,  is  a  belt  of  low  magnetic  activity, 
consequently  of  low  short  wave  fading. 

A  short  wave  radio  circuit  will  respond  to  the  above  geophysical 
relation  in  fair  agreement  with  its  mean  geomagnetic  latitude, 
particularly  during  magnetic  disturbances. 


Copyrighted  material 


SYMPOSIUM  ON  GEOMAGNETISM 


329 


III  Fig.  5  is  shown  the  mean  daily  circuit  ratings  observed 
during  16  major  magnetic  storms  of  1939  and  1940,  as  well  as  the 
conditions  6  days  before  and  after  these  storms  on  circuits  having 
mean  geomagnetic  latitudes  14°  N,  48°  N  and  59°  N.  The 
comparative  disturbances  are  proportional  to  the  total  indicated 
shaded  areas  at  the  different  latitudes.  This  area  is  very  much 
lower  at  14°  N  than  at  59°  N  geomagnetic  latitude. 
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VI.  Transmitting  Power  vs  Geomagnetic  Latitude 

Cheltenham  H  intensity  rarities  correlat(Ml  with  Riverhead 
earth  current  variability  has  indicated  that  transmitting  power 
may  be  related  to  H  intensity  range  by  the  condition  that  the  power 
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required  at  any  mean  latitude  varies  approximately  as  the  3.5 
power  of  the  H  range  at  that  latitude.  If  this  relationship  is 
applied  to  the  H  range  data  of  North  American  magnetic  observa- 
tories of  the  U.  S.  Coast  and  Geodetic  Survey  for  the  year  1939 

there  is  obtained  the  transmitting  power  vs  geomagnetic  latitude 
graph  shown  in  Fig.  6. 
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Fig.  6. 


Comparison  of  the  power  requirements  at  geomagnetic  latitudes 
3Q°  and  60°,  from  Fig.  6,  produces  the  result  shown  in  Table  II. 

It  is  of  interest  to  compare  these  transmitting  power  computa- 
tions vs  geomagnetic  latitude,  from  magnetic  data,  with  the  results 
of  the  long  series  of  international  broadcast  recordings,  at  broad- 
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TABLE  n 


Cieomagnetic  Latitude 

Antenna  KW  for  Commercial  Transmixoion 

Max. 

Min. 

Yearly  Mean  (1039) 

30° 

6.i:>  KW 

.010  KW 

.265  KW 

60° 

4224  KW 

.075  KW 

44.3 

Ratio  W/3fy* 

688 

7.5 

167 

ca^t  frequencies,  published  by  J.  H.  Dellinpjer  and  A.  T.  Cosentino 
in  the  Proceedings  of  the  I.  R.  E.,  October,  1940. 

Dcllinger  and  Cosentino  found  that  broadcast  intensities, 
between  North  and  South  America,  averaged  25  times  those 
between  North  America  and  Europe,  and  were  only  1/15  as 
variable. 

The  signal  ratios  at  short  waves,  from  ¥ig.  6,  will  be  propor- 
tional to  the  square  roots  of  the  power  ratios.  This  produces  the 
relationship  for  the  year  1939  shown  in  Table  III. 


TABLE  III 


Geomagnetic  Latitude 
Ratio 

Signal  Ratio  for  Equal  Power 

Max. 

Min. 

Yearly  Mean 

26 

2.7 

13 

These  figures  indicate  that  geomagnetic  range  is  a  major  factor 
in  international  short  wave  transmission.  A  similar  conclusion 
was  reached  by  Bellinger  and  Cosentino  for  international  trans- 
mission at  broadcast  frequencies. 


VII.  Short  Wave  Circuit  Interruptions  vs 
Geomagnetic  Latitude 

Circuit  interruptions  are  definitely  a  function  of  geomagnetic 
latitude.  Comparisons  of  the  relative  lengths  of  short  wave 
circuit  interruptions,  on  the  particular  circuits  used  in  this  analysis, 
during  and  after  16  major  magnetic  storms  of  1939  and  1940  have 
produced  the  results  shown  in  Fig.  7.  A  pronounced  "knee"  in 
the  interruptions  vs  geomagnetic  latitude  graphs  is  seen  to  occur 
at  50°  N  geomagnetic  latitude.  The  New  York-San  Francisco 
circuit  (mean  geomagnetic  latitude  48°  N)  is  less  disturbed  during 
the  peak  of  the  storm  than  is  the  New  York-London  circuit  (mean 
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geomagnetic  latitude  59**  N)  3  days  following.  The  New  York- 
Buenos  Aires  circuit  (mean  geomagnetic  latitude  14°  N)  is  com- 
paratively undisturbed.  There  is  some  evidence  of  a  slow  south- 
ward disturbance  filtration  reaching  a  maximum  3  days  after  the 
storm. 
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It  is  not  to  be  assumed  that  all  short  wave  transmission  across 
the  North  Atlantic  encounters  the  50°  N  geomagnetic  latitude 
"knee."  The  records  show  this  was  true  a  negligible  percentage 
of  total  circuit  time  during  the  peak  magnetic  year  of  1939. 

VIII.  Short  Wave  Transmission  Conditions  During 
THE  Solar  Rotation  February  6th  to  March 

4th,  1939 

A  typical  R.  C.  A.  C.  circuit  disturbance  rating  graph  is  shown 
in  Fig.  8.    It  covers  the  solar  rotational  period  of  February  6  to 
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March  4lh,  1939.  This  period  contained  a  wide  range  of  magnetic 
disturbances  over  the  North  Atlantic  circuits. 

Tlie  plot  at  the  top  of  Fiji;.  S  is  the  S  hour  average  percentage 
variability  of  the  recorded  earth  current  trace  at  Riverhead, 
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N.  Y.  Solid  fills  above  200  per  cent  indicate  watches,  or  portions 
thereof,  above  the  circuit  disturbance  level. 

The  4  plots  below  show  the  reported  scales  of  radio  disturbance, 
hi  order,  on  the  following  curcuits — 
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a.  North  Europe  to  New  York. 
6.  South  America  to  New  York. 

c.  San  Francisco  to  New  York. 

d.  Orient  to  San  Francisco. 

Short  period  disturbances  are  indicated  by  thin  lines  of  width 
proportional  to  their  durations.  A  solid  fill  for  each  watch  indi- 
cates an  average  disturbance  for  the  watch  of  the  amplitude 
indicated  by  the  rating  number. 

The  dates  at  the  bottom  of  the  cliart  are  those  for  the  oncoming 
solar  rotation.  If  the  disturbance  areas  on  the  sun  persist,  they 
represent  dates  of  probable  recurrence. 

The  North  Europe  disturbances  during  this  rotation  contain 
two  characteristics  of  particular  interest — 

1.  On  February  22nd  and  23rd,  two  days  of  unusual  signal  strength 

preceding  the  major  storm  day  of  February  24th. 

2.  On  February  7th  and  February  26th,  a  persistence  of  circuit 

disturbance  after  earth  current  activity  had  dropped  to 
normal. 

The  latitude  effect,  previously  illustrated  in  Fig.  7,  is  quite  in 
evidence  in  Fig.  8.  The  tranquility  of  the  South  America  to  New 
York  circuit  is  outstanding. 

IX.  Short  Wave  Transmission  Conditions  during  the  Solar 
Rotation  March  17th  to  April  12th,  1940 

Figure  9  illustrates  perhaps  one  of  the  most  exciting  solar 
rotations  in  short  wave  history.  It  covers  the  period  from  March 
17th  to  April  12th,  1940.  This  solar  rotation  created  aurora, 
abnormal  power  and  radio  transmission  disturbances,  and  wide 
comment  in  the  public  press. 

The  range  of  the  percentage  variability  of  the  Riverhead 
earth  current  trace  at  the  top  of  Fig.  9  has  been  extended  to  permit 
a  visual  estimate  of  its  amplitude,  above  normal  circuit  disturbance 
level,  particularly  on  March  24th  and  March  29th. 

Features  of  particular  interest  were  as  follows — 

a.  A  premonitory  round  the  world  short  period  fade^  1800-1900 

GMT,  on  March  19th. 

b.  During  the  maxima  of  the  disturbance  peaks,  March  24th 

and  29th,  short  wave  communication  over  the  North 
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Atlantic  to  Europe  was  completely  cut  off.  European 
service  was  however  continued  without  interruption  by  the 
relaying  of  messages  to  Europe  via  Buenos  Aires. 
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c.  A  second  round  the  world  fade,  1615-2000  GMT,  on  March 

27th,  preceded  the  second  magnetic  storm  on  March  29th. 

d.  The  South  American  circuit  again  has  the  helpful  influence  of 

low  geomagnetic  latitude.  It  was  entirely  normal  during 
the  storm  peaks. 
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X.  North  Atlantic  Transmission  and  Cheltenham  H  Ranges 
Compared  over  a  Period  of  Twelve  Solar  Rotation's 

North  Atlantic  short  wave  circuit  disturbances  and  Cheltenham 
H  intensity  ranges  are  plotted  in  27  day  solar  sequences  for  a 
period  of  12  solar  rotations,  beginning  November  3,  1939,  and 
ending  September  21,  1940,  in  Fig.  10.    The  date  of  commence- 
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ment  of  each  solar  rotation  is  at  the  left  of  each  row,  and  corre- 
sponds with  horizontal  numeral  number  1. 

Cheltenham  H  ranges  have  been  corrected  for  scale  calibra- 
tions, and  each  point  is  a  six  hour  sum  of  hourly  departures.  The 
vertical  scale  is  50  gammas  per  division.  Values  above  250 
gammas  are  indicated  by  dotted  lines. 

The  North  Atlantic  circuit  disturbances  are  represented  by 
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disturl)anee  numbers  0  to  5  in  accordance  with  Table  I.  The 
bottom  hne  of  each  row  represents  0  ratinp;,  the  top  Hne  5  rating. 

The  cliarted  time  interval  selected  includes  the  peak  of  the 
magnetic  disturbance  in  the  current  eleven  year  cycle.  This 
chart  is  useful  for  the  purpose  of  indicating  concurrent  radio  and 
geomagnetic  disturbance;  but  may  produce  a  misleading  impres- 
sion as  to  the  value  of  such  charts  for  disturbance  prediction.  The 
selection  of  a  period  of  twelve  solar  rotations  earlier  would  have 
shown  repetitive  disturbances  for  as  many  as  ten  solar  rotations. 

A  careful  study  of  these  parallel  charts  in  Fig.  10  will  reveal 
the  persistence  of  radio  disturbance,  the  repetitive  property  of 
moderate  storms  and  the  non-repetitive  property  of  major  storms. 
It  will  bring  to  light  one  anomaly,  the  first  to  come  to  the  author's 
attention,  namely,  the  association  of  excellent  signal  conditions, 
in  the  face  of  considerable  magnetic  disturbance  during  the  first 
four  or  five  days  of  the  sequence  beginning  July  30,  1940. 

If  the  question  of  location  of  a  monitoring  magnetic  observa- 
tory for  any  long  distance  short  wave  circuit  is  considered  it  is  now 
evident  that  the  ideal  location  for  such  an  observatory  would  be 
at  the  mid-point  of  the  circuit.  Such  a  site  selection  presents 
practical  difficulties  when  the  application  is  in  the  mid-Atlantic. 
It  will  also  be  evident  that  the  selection  of  any  site,  on  land,  above 
60°  geomagnetic  latitude  will  provide  much  information  of  scientihc 
value,  both  as  to  geomagnetism,  and  the  ionosphere. 

XI.  Discussion  and  Conclusion 

Tlie  data  here  presented  is  further  evidence  that  short  wave 
radio  transmission,  the  ionosphere  and  geomagnetism  are  closely 
related  to  the  changing  rotational  complexion  of  tlie  solar  surface. 

The  closer  scientific  correlation  of  geomagnetism  and  radio 
transmission,  and  the  ionosphere,  at  locations  more  suited  to  bring 
out  the  latitude  characteristics,  will  further  supplement  our  knowl- 
ledge  of  all  these  fields. 

There  is  shown  to  exist  during  geomagnetic  disturbances  a 
short  wave  communications  "knee"  at  about  50°  geomagnetic 
North  latitude.  Great  circle  paths  intercepting  above  50°  do  so 
at  the  cost  of  increased  power  and  circuit  interruption. 

On  the  other  hand,  great  circle  paths  that  follow  the  lower 
latitudes  are  relatively  free  from  circuit  interruption  during  geo- 
magnetic disturbances  and  may  operate  at  lower  power  with  lesser 
fading,  in  proportion  to  the  long  observed  improvement  in  geo- 
magnetic variability  at  the  lower  latitudes. 
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{Read  at  Girard  CoUege  Febriuiry  15,  1941,  in  Cammemoralion  of  A.  D.  Bache) 

It  has  been  my  experience,  when  confronted  with  an  intricate 
and  liiglily  developed  scientific  subject,  that  the  best  line  to  follow 
is  the  historical  approach.  However  complicated  such  a  subject 
may  appear  in  its  present  state  of  development,  its  beginnings 
were  much  simpler.  A  few  outstanding  facts  attract  the  attention 
of  the  first  observers,  and  a  comparatively  simple  theory  is  devised 
to  coordinate  and  account  for  these  phenomena.  Further  study 
on  the  part  of  the  curious  brings  to  light  additional  facts,  less 
obvious  than  those  first  observed,  and  theory  has  to  be  modified  to 
include  these  new  discoveries.  Again  and  again  this  process  is 
repeated  until  the  subject  embodies  such  a  formidable  mass  of 
interconnected  detail  that  it  is  difficult  to  get  it  in  focus  and 
perspective  without  retracing  step  by  step  its  historical  develop- 
ment; and  along  this  line  we  shall  approach  the  subject  of  Magnet- 
ism and  its  Uses. 

The  first  magnet  known  to  man  was  the  loadstone,  a  naturally 
magnetic  ore  of  iron  which  occurs  in  many  places  all  over  the  earth, 
among  them  a  district  in  Asia  Minor  called  in  ancient  times 
"Magnesia,"  whence,  by  our  heritage  of  Greek  tradition,  we  have 
our  word  "magnet."  This  stone  differs  from  all  other  stones  in 
that  it  possesses  the  power  of  attracting  to  itself  pieces  of  iron. 
It  is  therefore  almost  certain  that  early  man  could  not  have  recog- 
nized the  peculiarity  of  this  stone  until  he  had  metallic  iron  at  his 
disposal.  I  say  "almost"  l)ecause  there  is  a  bare  possibility  that 
he  might  have  noticed  that  t  he  stone  would  attract  to  itself  broken 
bits  of  its  own  substance.  There  is,  however,  no  mention  of  such 
a  phenomenon  by  any  writer  earlier  than  the  thirteentli  century 
A.D.  We  may  therefore  safely  date  the  beginnings  of  magnetic 
science  not  earlier  than  the  Iron  Age. 

The  transition  from  the  Bronze  Age  to  the  Age  of  Iron  occurred, 
of  course,  at  different  times  in  different  places.    In  the  Mediter- 
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ranean  basin,  where  our  records  are  most  complete  and  trust- 
worthy, iron  was  apparently  well  known  before  1000  B.C.  The 

Homeric  poems  contain  references  to  armor  and  weapons  of  both 
brass  and  iron,  showing  that  the  newer  metal  had  not  \'et  com- 
pletely displaced  the  older.  There  is  evidence  that  the  iron  there 
mentioned  was  at  least  sometimes  a  crude  variety  of  steel.  In  the 
ninth  book  of  tlie  Odyssey  the  poet  tells  how  Ulysses  and  his 
companions  blinded  the  one-eyed  giant  Polyphemus  by  thrusting 
into  his  eye  a  burning  stake.  The  passage  reads  (in  Butcher  and 
Lang's  prose  translation) : 

And  as  when  a  smith  dips  an  axe  or  adze  in  chill  water  with  a  great 
hissing,  when  he  would  temper  it — for  hereby  anon  comes  the  strength 
of  iron — even  so  did  his  eye  hiss  round  the  stake  of  olive. 

Once  man  had  iron  at  his  disposal  it  could  not  have  been  long 
before  he  noticed  the  attractive  power  of  the  loadstone.  This 
discovery  was  probably  made  independently  in  different  localities. 
The  Greeks  had  a  legend  that  a  certain  shepherd  noticed  that  the 
iron  tip  of  his  staff  adliered  to  some  rocks  over  which  he  was 
walking.  In  this  or  in  other  ways  that  can  equally  easily  be 
imagined,  this  important  discovery  might  readily  have  been  made. 

When  a  new  phenomenon  is  observed  the  first  ciuestion  that 
comes  into  the  mind  is  ''Why?"  To  account  for  the  attractive 
power  of  the  loadstone  there  was  early  formulated  a  simple  theory. 
This  was  that  the  loadstone  was  inhabited  by  an  indwelling  soul 
or  spirit  which  enabled  it  to  move  the  iron.  That  this  spirit 
dwelt  in  the  loadstone  rather  than  in  the  attracted  iron  was  obvious 
to  these  early  observers  because  iron  itself  would  not  attract  other 
pieces  of  iron.    To  this  one  exception  was  early  noted. 

In  the  island  of  Samothrace  in  the  ^gean  Sea,  at  some  time 
prior  to  400  B.C.,  there  was  invented  a  magnetic  toy  consisting  of  a 
loadstone  and  a  set  of  small  iron  rings.  If  one  of  these  rings  was 
picked  up  by  the  loadstone  this  ring  would  at  once  acquire  sufficient 
magnetism  to  support  a  second  rin^-  handling  beneath  it.  Tliis 
second  ring  would  likewise  support  a  third  ring,  and  so  on,  until  a 
chain  of  perhaps  four  or  five  rings  could  be  supported  by  the  load- 
stone. If  now  the  upper  ring  of  the  chain  were  detached  from  the 
loadstone  the  rings  would  lose  their  magnetism  and  the  chain 
would  fall  apart.  In  modern  parlance,  this  toy  illustrates  the 
difference  between  the  permanent  magnetism  of  the  loadstone 
and  the  temporary,  or  induced  magnetism  of  the  iron  rings. 
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Plato,  the  pupil  of  Socrates,  relates  how  the  Master  used  the 
Samothracian  rings  to  point  a  moral  to  his  disciples.  As  Socrates 
died  in  399  B.C.,  we  are  able  to  set  an  approximate  date  for  the 
invention  of  this  magnetic  toy.    Plato's  account  is  as  follows: 

"The  gift  which  you  have  of  speaking  excellently  about  Homer," 

says  the  sage,  "is  not  an  art,  but,  as  I  was  just  saying,  an  inspiration. 
There  is  a  divinity  moving  you,  like  that  in  the  stone  which  Euripedes 
rails  a  magnet,  but  which  is  commonly  known  as  the  stone  of  Hcraclea. 
For  that  stone  not  only  attracts  iron  rings,  but  also  imparts  to  them 
similar  power  of  attracting  other  rings;  and  sometimes  you  may  see  a 
number  of  pieces  of  iron  and  rings  suspended  from  one  another,  so  as 
to  form  quite  a  long  chain;  and  all  of  these  derive  their  powers  of  suspen- 
sion from  the  original  stone.  Now,  this  is  like  the  Muse  who  first  gives 
to  men  inspiration  herself,  and  from  those  inspired,  her  sons,  a  chain  of 
other  persons  is  suspended,  who  take  inspiration  from  them." 

The  Samothracian  rings  produced  a  profound  impression  on  the 
ancient  world,  as  is  evidenced  by  the  number  of  post-Platonic 
writers  who  mention  them.  Eight  hundred  years  after  the  death 
of  Socrates  the  interest  in  this  toy  was  unabated.  About  400  a.d. 
some  one  showed  these  rings  to  St.  Augustine  in  northern  Africa, 
who,  as  he  says  himself,  was  thunderstruck  by  them.  The  good 
bishop  goes  on  to  say: 

Yet  far  more  astonishing  is  what  I  heard  about  the  stone  from  my 
brother  in  the  episcopate,  Severus,  bishop  of  Milevis.  He  told  me  that 
Bathanarius,  once  Count  of  Africa,  when  the  bishop  was  dining  with  him, 
produced  a  loadstone  and  held  it  under  a  silver  plate  on  which  he  placed 
a  bit  of  iron;  then  as  he  moved  his  hand,  with  the  stone  underneath  the 
plate,  the  iron  upon  the  plate  moved  about  accordingly.  The  interven- 
ing silver  was  not  atTectcd  at  all,  but  precisely  as  the  loadstone  was 
moved  backward  and  forward  below  it,  no  matter  how  quickly,  so  was 
the  iron  attracted  above. 

There  is  a  still  earlier  reference  to  this  phenomenon  in  the 
writings  of  the  Roman  poet  Lucretius,  who  died  about  55  B.C.  He 
speaks  of  iron  filings  ^'raving  within  brass  basins^'  if  the  stone  is 
moved  underneath.  It  was  apparently  an  early  discovery  that  the 
magnetic  influence  could  be  transinitted  through  non-magnetic 
bodies  (silver  and  brass)  without  being  apparently  weakened. 

With  the  fall  of  Rome  and  the  onset  of  the  Dark  Ages  in  Europe, 
the  interest  in  scientific  experiment  waned.  The  loadstone,  how- 
ever, maintained  its  hold  on  popular  imagination.  Many  legends 
of  its  wonderful  power  arose,  such  as  that  of  the  magnetic  mountain 
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which  could  draw  the  nails  from  ships  that  ventured  too  close  to  it. 
Medieval  physicians  adopted  the  loadstone  eagerly,  and  prescribed 
it  for  all  sorts  of  disorders.  It  was  applied  in  powdered  form  as  an 
ingredient  of  a  plaster  to  wounds  caused  by  arrows,  with  the  idea 
of  drawing  out  the  iron  arrowhead  from  the  body.  A  certain 
prince  of  India  ordered  that  the  dishes  in  which  his  food  was  pre- 
pared should  be  made  of  loadstone,  in  order  to  preserve  his  youth- 
ful vigor;  and  a  grave  doctor  of  those  times  administered  doses  of 
powdered  loadstone  to  both  parties  in  cases  of  estrangement  be- 
tween husbands  and  wives. 

This  latter  procedure  was  not  without  justification,  when  seen 
against  the  background  of  the  belief  of  the  times.  It  was  obvious 
that  the  patients  in  question  were  suffering  from  the  lack  of  a 
certain  spiritual  principle  which  was  believed  to  exist  in  the  load- 
stone, and  the  administration  of  that  medicine  followed  as  naturally 
as  a  modern  prescription  of  cod  liver  oil  because  of  its  vitamin 
content. 

The  belief  in  the  medical  virtues  of  the  magnet  persisted  until 
recent  times.  "Magnetic"  belts  were  worn  to  prevent  disease  in 
the  nineteenth  centurv,  and  within  mv  own  recollection  there 
were  those  who  believed  that  a  Ijed  should  be  set  up  in  a  north  and 
south  position  in  order  that  the  sleeper  might  obtain  the  maximum 
benefit  from  the  magnetic  field  of  the  earth. 

The  first  2000  years  of  the  history  of  magnetism,  which  we 
have  briefly  reviewed,  produced  the  discovery  of  several  funda- 
mental facts  and  principles,  but  brought  about  no  practical  ap- 
plication of  this  knowledge.  Not  until  the  twelfth  century  do  we 
find  the  first  useful  application  of  magnetism — the  mariner's 
compass. 

Where  and  by  whom  the  compass  was  invented  is  unknown. 
It  has  been  ascribed  to  the  Chinese,  the  Arabs,  the  Greeks,  the 
Etruscans,  the  Finns  and  the  Italians.  There  is  no  lack  of  legend 
on  the  subject,  but  modern  historical  scholarship  regards  such 
legends  as  mythical.  The  first  unquestionable  reference  to  the 
use  of  the  compass  in  Europe  is  found  in  the  writings  of  an  English 
monk,  Alexander  Neckam,  in  the  year  1200.  Neckam  speaks  of 
an  instrument  consisting  of  a  magnetized  needle  mounted  on  a 
pivot,  which  sailors  use  in  cloudy  weather,  by  day  or  night,  when 
they  lack  tlie  guidance  of  tlie  sun  or  the  North  Star.  From  this 
time  onward  references  to  the  compass  are  numerous,  and  in 
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consequence  it  is  believed  tliat  the  invention  of  the  compass  oc- 
curred some  time  in  the  latter  part  of  tlie  twelfth  centurj^  It 
may  well  have  happened  that,  the  time  being  ripe,  this  invention 
was  made  independently  in  different  places.  This  has  been  the 
case  more  than  once  in  modern  times. 

Two  varieties  of  the  compass  were  in  use  in  early  times — the 
pivot  type  and  the  floating  type.  In  the  latter  variety  the  needle 
was  supported  by  a  small  float  of  wood  or  cork  in  a  bowl  of  water. 
The  needles  at  first  in  use  could  not  be  depended  upon  to  retain 
their  magnetism  for  long  periods,  as  the  art  of  steel  making  was  as 
yet  in  an  undeveloped  state,  and  it  was  necessary  for  mariners  to 
provide  themselves  with  a  loadstone  to  remagnetize  the  needle 
frequently. 

The  inevitable  question,  "Why  does  the  needle  point  north?", 
received  two  answers.  Some  said  that  there  existed  in  the  far 
north  a  mountain  of  loadstone;  others,  probably  influenced  by  the 
prevalent  astrological  ideas  of  the  times,  supposed  the  needle  to 
be  governed  in  some  mysterious  way  by  the  pole  star. 

With  the  compass  needle  as  an  instrument  of  research,  a  number 
of  new  magnetic  facts  were  discovered.  Roger  Bacon,  the  best 
known  man  of  science  in  the  thirteenth  century,  observed  that  the 
magnetism  of  the  loadstone  was  concentrated  in  two  places,  which 
we  now^  call  the  poles  of  the  magnet.  He  noticed  also  that  a  needle 
which  liad  been  touched  by  the  loadstone  would  afterward  be 
attracted  by  the  part  of  the  stone  which  had  touched  it,  but  would 
be  repelled  by  a  certain  other  part.  Other  important  discoveries 
were  made  by  a  Frenchman  named  Peter  de  Maricourt,  called 
Peter  Peregrinus,  because  he  had  made  a  pilgrimage  to  the  Holy 
Land.  His  discoveries  are  described  in  a  letter  written  by  him 
in  1269. 

In  this  letter  Peregrinus  describes  the  experiment  of  cutting 
a  loadstone  in  two  parts,  with  one  of  its  poles  in  each  part.  Much 
to  his  surprise,  he  found  that  each  part  was  now  a  complete  magnet 
with  two  poles.  On  placing  the  two  parts  together  again,  the  two 
new  poles  at  the  center  disappeared,  leaving  the  stone  in  the  same 
magnetic  condition  as  before  it  was  cut.  Moreover,  he  found  that 
this  process  was  capable  of  apparently  endless  repetition,  any 
part  of  a  magnet,  however  small,  becoming  a  complete  magnet  in 
itself.  Peregrinus  found  also  that  a  magnet IzcmI  needle,  when 
brought  near  a  loadstone  witliout  touching  it,  would  assume  a 
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definite  angular  position  with  respect  to  the  stone.  Every  student 
in  the  physical  laboratory  who  maps  a  magnetic  field  by  means 
of  a  compass  needle,  repeats  this  seven-century  old  experiment 

of  Peregrinus. 

Tlie  next  important  discovery  in  magnetism  is  generally,  but 
not  universally,  attributed  to  Columbus,  who,  on  his  first  voyage 
to  America,  found  that  the  compass  needle  did  not  always  and 
everywhere  point  to  the  exact  north.  This  variation  is  now 
known  by  the  name  of  the  declination  of  the  needle. 

It  appears  that  in  the  time  of  Columbus  tlie  needle  in  western 
Europe  must  have  pointed  so  nearly  to  the  true  north  that  its 
declination  was  unsuspected.  Small  variations,  if  noticed,  could 
readily  have  been  explained  away  as  due  to  imperfect  construction, 
such  as  pivot  friction.  In  addition,  the  thought  of  those  days 
was  profoundly  influenced  by  astrology,  and  with  this  background 
there  was  an  obvious  reason  why  the  needle  ought  to  point  north, 
and  no  reason  at  all  why  it  should  point  anywhere  else;  for  there  in 
the  north  was  the  invariable  pole  star,  while  elsewhere  in  the 
heavens  all  the  other  stars  rose  and  set,  continually  changing  their 
positions  and  their  supposed  mfluence  on  mundane  affairs. 

The  long  westward  journey  of  Columbus  brought  him  even- 
tually into  a  region  where  the  declination  of  the  needle  was  too 
great  to  be  overlooked  or  explained  away.  His  first  observations 
were  soon  confirmed  by  other  navigators,  and  the  declination  of 
the  needle  became  a  recognized  scientific  fact. 

This  discovery  rendered  untenable  the  hypothesis  that  the 
compass  needle  was  governed  l)y  the  pole  star,  but  the  other 
hypothesis  of  the  magnetic  mountain  in  the  far  nortli  was  rather 
strengthened  by  it;  for  all  that  was  necessary  was  to  suppose  that 
this  mountain  was  located  at  some  distance  from  the  geographical 
north  pole.  An  observer  in  line  with  both  mountain  and  pole 
would  find  his  compass  pointing  to  the  true  north,  while  another 
observer  at  some  distance  east  or  west  of  this  line  would  notice 
that  his  compass  pointed  not  to  the  pole,  but  to  the  mountain. 

Scarcely  had  the  nautical  world  become  used  to  making  the 
necessary  allowance  for  the  declination  of  the  needle  when  it  wan 
again  upset  by  the  discovery  that  this  declination  was  continually 
changing,  at  a  slow  rate,  it  is  true,  but  quite  perceptible  over  a 
period  of  years.  For  instance,  it  was  found  that  in  London,  in 
1580,  the  compass  pointed  as  much  as  11**  east  of  north.  Forty 
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years  later  the  declination  was  only  6°,  and  by  1657  the  needle 
pointed  exactly  north.  The  declination  then  became  westerly, 
reaching  a  maximum  of  24°  in  1820.  The  needle  then  began  to 
move  back  toward  the  north,  which  it  has  not  yet  reached.  If  it 
does  not  change  its  mind  in  tlie  meantime,  it  may  again  point  north 
at  London  in  another  hundred  years. 

This  discovery  of  the  change  in  the  declination  rendered  un- 
tenable, in  its  turn,  the  hypothesis  that  the  compass  needle  pointed 
to  a  magnetic  mountain — untenable,  except  by  those  possessed 
of  the  faith  that  could  move  mountains.  Over  two  hundred  years 
were  destined  to  elapse  before  any  satisfactory  answer  could  be 
given  to  the  question,  **Why  does  the  needle  point  north?" 

Changes  in  declination  take  place  all  over  the  earth,  and  the 
importance  to  navigators  of  an  exact  knowledge  of  this  variation 
is  obvious.  In  recent  times  much  attention  has  been  given  to  the 
preparation  of  tables  and  charts  of  this  important  correction.  For 
many  years  the  Carnegie  Institution  of  Washington  maintained 
a  special  ship  equipped  with  magnetic  measuring  instruments, 
which  made  a  survey  of  the  oceans  of  the  world  every  ten  years. 
A  few  years  ago,  while  on  one  of  its  cruises,  this  ship  was  destroyed 
by  an  explosion.  The  British  Admiralty  then  assumed  this  task, 
and  built  another  ship  for  this  purpose.  Land  stations  for  mag- 
netic observations  are  also  maintained  by  various  nations. 

Observations  at  these  land  stations  have  shown  that  the  varia- 
tion of  the  needle  is  itself  rather  irregular.  Beside  the  long  period 
variation  already  mentioned  it  has  been  found  that  there  is  an 
annual  fluctuation  of  smaller  amount,  and  also  a  variation  from 
day  to  day.  Moreover,  this  diurnal  variation  may  be  much 
greater  on  some  days  than  on  others,  and  it  is  now  customary  to 
speak  of  magnetically  "quiet"  days,  and  of  "magnetic  storms." 
The  poetic  phrase:  "True  as  the  needle  to  the  pole"  has  lost  its 
force  for  scientists. 

As  if  all  this  were  not  enough,  it  has  been  found  that  there  is 
still  another  peculiarity  in  the  behavior  of  the  compass  needle.  In 
1544,  Dr.  George  Hartmann,  in  Germany,  in  constructing  a  com- 
pass, balanced  an  unmagnetized  needle  carefully  on  its  pivot,  and 
then  afterwards  magnetized  it.  He  was  surprised  to  find  that  the 
magnetization  had  destroyed  the  ef}uiHi>rium  of  the  needle,  as  the 
north  end  now  pointed  downwards,  and  it  was  necessary  to  add  a 
little  wax  to  the  south  end  to  restore  the  equilibrium. 
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Some  years  later,  Robert  Norman,  an  English  instrument 
maker,  independently  rediscovered  this  dip  of  the  needle  and 
investigated  it  carefully.    He  mounted  a  needle  on  a  horizontal 

axis  instead  of  the  usual  vertical  pivot,  to  give  the  dip  free  play, 
and  found  that  after  magnetization  the  needle  exhibited  a  dip  of 
a  little  over  70°  below  the  level  line,  thus  taking  a  position  more 
nearly  vertical  than  horizontal.  Continued  observation  showed 
that  the  dip  of  the  needle,  like  its  declination,  differed  at  different 
places,  and  changed  slowly  with  time. 

We  have  now  reviewed  the  history  of  magnetism  from  its 
discovery,  some  time  prior  to  1000  b.c,  up  to  the  beginning  of  the 
nineteenth  century,  a  period  of  some  three  thousand  years.  We 
have  seen  how  our  knowledge  of  magnetism  grew  slowly,  hundreds 
of  years  sometimes  elapsing  between  the  successive  steps  of  pro- 
gress, but  that  eventually  quite  a  number  of  fundamental  facts 
were  established,  and  one  practical  application  made — the  compass. 
When  we  consider  the  meager  equipment  of  these  early  observers 
it  is  indeed  remarkable  that  they  accomplished  as  much  as  they 
did.  All  that  they  had  was  a  loadstone  and  a  compass  needle. 
The  nineteenth  century,  however,  was  to  witness  a  great  stimula- 
tion and  acceleration  in  the  advance  and  application  of  our  knowl- 
edge of  magnetism,  due  to  two  discoveries  of  the  first  rank  in 
importance. 

Electricity  has  a  history  equally  as  old  as  that  of  magnetism, 
but  until  the  nineteenth  century  the  two  had  always  been  con- 
sidered different  in  nature.  In  1819  Hans  Christian  Oersted,  a 
professor  in  the  University  at  Copenhagen,  discovered  that  an 
electric  current  could  produce  a  magnetic  effect,  and  twelve  j^ears 
later  Faraday  made  the  converse  discovery  that  a  magnet  could 
produce  an  electric  current.  This  union  of  these  two  subjects 
was  remarkably  fruitful.  In  addition  to  giving  a  great  impetus 
to  the  development  of  theory,  it  made  possible  the  whole  of  modem 
electrical  engineering,  with  its  manifold  appUcations. 

Oersted  found  that  if  a  wire  carrying  an  electric  current  were 
held  parallel  to  a  compass  needle  at  a  little  distance  above  it,  the 
needle  would  be  deflected  from  the  north,  and  that  this  deflection 
would  be  greater  the  stronger  the  current.  This  discovery,  pub- 
lished in  1820,  excited  much  interest  in  the  scientific  world,  and 
five  years  later,  Sturgeon,  following  this  lead,  wound  a  coil  of  wire 
around  an  iron  bar,  and  on  passing  an  electric  current  through  the 
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wire  found  that  the  iron  became  strongly  magnetized,  but  lost  its 
magnetism  when  the  current  stopped.  Such  an  electromagnet 
could  easily  be  made  thousands  of  limes  as  strong  as  any  loadstone, 
and  a  new  and  powerful  instrument  of  research  was  thus  made 
availal)le. 

Faraday,  influenced  by  the  results  of  Oersted  and  Sturgeon, 
connected  the  ends  of  a  coil  of  wire  to  a  galvjinometer,  and  placed 
within  the  coil  a  steel  bar  magnet.  Contrary  to  his  expectations, 
there  was  no  permanent  current  while  the  magnet  was  at  rest  in 
the  coil,  but  a  temporary  current  was  produced  while  it  was  being 
put  in  and  taken  out. 

This  experiment  appears  to  have  attracted  attention  in  other 
than  the  scientific  circles  of  the  day,  as  is  evidenced  by  some  verse 
that  has  come  down  to  us. 

Around  the  magnet,  Faraday 

Is  sure  that  Volta's  lightnings  play; 

To  bring  them  out  was  his  desire. 
He  took  a  lesson  from  the  heart: 
'Tis  when  we  meet,  'tis  when  we  part, 
Breaks  forth  the  hid  electric  fire. 

One  result  of  experiments  with  the  new  powerful  electromagnets 

was  greatly  to  increase  the  number  of  bodies  known  to  be  magnetic. 
From  ancient  times  only  two  such  bodies  had  l)een  known — iron 
and  the  loadstone,  but  when  tested  in  st  rong  magnetic  fields  nearly 
everything  else  was  found  to  be  feebly  magnetic.  A  few  sub- 
stances, such  as  bismuth  and  gold,  were  found  to  be  repelled  in- 
.stead  of  attracted  by  the  magnet.  Such  bodies  are  now  called 
"diama{inetic." 

Many  practical  applications  have  been  made  of  the  fact  that 
an  electromagnet  will  lose  and  regain  its  magnetism  as  the  exciting 
current  stops  and  starts.  When  we  think  of  what  our  modern 
world  would  be  without  the  telegraph,  the  telephone,  the  electric 
bell,  the  electric  motor  or  the  dynamo,  all  of  which  contain  an 
electromagnet  as  an  essential  part,  we  can  realize  the  importance 
of  Oersted's  discovery.  Denmark  delights  to  honor  her  famous 
son,  and  Oersted  Park  is  one  of  the  beauty  spots  of  modern  Copen- 
hagen. 

But  these  modern  applications  of  the  electromagnet  would 
have  been  of  but  limited  use  had  it  not  been  for  Faraday's  dis- 
covery.   An  electromagnet  requires  an  electric  current  to  operate 
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it,  and  the  only  source  of  current  available  to  Oersted  or  Faraday 

was  the  galvanic  cell.  When  we  think  of  the  number  of  galvanic 
cells  that  would  be  required  to  operate  the  motor  of,  say,  an 
electric  elevator,  we  can  see  that  on  this  basis  the  expense  and 
trouble  of  large  scale  applications  of  Oersted's  discovery  would  be 
prohibitive.  It  was  Faraday's  discovery  that  eventually  made 
electric  current  cheap  enough  to  make  these  applications  prac- 
ticable. 

If  we  imagine  Faraday  moving  his  magnet  in  and  out  of  the 
coil  rapidly  enough,  the  current  impulses  in  the  galvanometer 
would  follow  each  other  so  closely  as  to  be  practically  continuous. 
It  is  true  that  these  successive  impulses  would  flow  in  opposite 
directions,  giving  an  alternating  current,  but  if  while  working  the 
magnet  with  one  hand  he  reversed  the  galvanometer  connections 
with  the  other,  the  alternating  current  would  be  rendered  direct, 
or  as  we  say  nowadays,  '^rectified.'*  This  is  the  fundamental 
principle  of  the  modern  dynamo,  by  which  mechanical  power  from 
the  steam  engine  is  made  to  furnish  cheap  electric  current. 

The  first  machines  of  this  character  followed  Faraday  in  using 
a  permanent  steel  magnet,  but  instead  of  moving  the  magnet  in 
and  out  of  a  coil  of  wire  the  magnet  was  kept  stationary,  and  the 
coil  of  wire  rotated  rapidly  close  to  the  magnet's  pole.  These 
were  called  ''magneto-electric  machines,"  or  more  briefly,  "mag- 
netos." The  steady  demand  for  machines  of  more  current  capacity 
required  the  use  of  stronger  magnets,  and  the  steel  magnets  were 
soon  replaced  by  electromagnets.  Such  machines  were  called 
"dynamos,"  because  of  their  greater  power  output. 

The  electromagnets  of  the  first  dynamos  were  excited  by 
current  from  an  outside  source,  such  as  a  magneto,  but  it  was  soon 
found  that  a  dynamo  really  needed  no  outside  excitation.  The 
iron  of  the  electromagnet  retained  enough  residual  magnetism  to 
generate  a  Uttle  current  when  started  up  again.  By  using  the 
dynamo's  own  current  to  excite  its  magnet  the  output  of  the 
machine  would  rapidly  build  itself  up  to  a  maximum  value,  the 
limit  being  reached  when  the  iron  of  the  electromagnet  became 
magnetically  "saturated."  The  modern  dynamo  is  thus  a  com- 
bination on  a  large  scale  of  the  discoveries  of  Oersted  and  of 
Faraday. 

In  the  manufacture  of  steel,  as  practiced  at  tlie  present  time, 
application  is  made  of  magnetic  principles  in  several  interesting 
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ways.  In  order  to  harden  steel  it  must  be  heated  to  a  certain 
definite  temperature,  and  then  quickly  cooled.  When  a  large 
piece  of  steel  is  being  heated  in  a  furnace  the  determination  of  this 
temperature  is  not  a  simple  matter.  Observations  of  the  surface 
temperature  can  be  made,  but  the  determination  of  the  tempera- 
ture at  the  center  of  a  large  piece  is  a  matter  of  some  difficulty. 
However,  ail  grades  of  steel  lose  their  magnetism  when  heated 
sufficiently,  and  it  so  happens  that,  for  certain  grades  of  low-carbon 
steel,  the  critical  temperature  at  which  the  magnetism  vanishes 
is  quite  close  to  the  hardening  temperature.  As  long  as  there  is 
any  magnetism  left,  even  in  the  inside  of  the  steel,  it  can  be  de- 
tected by  electrical  methods,  and  apparatus  has  been  invented  by 
which  magnetic  tests  can  be  made  on  a  large  piece  of  hot  steel  in 
a  furnace. 

Magnetic  principles  are  used  also  in  testing  finished  steel 
products.  For  instance,  a  railroad  rail  may  contain  internal 
cracks  which  no  outside  inspection  can  detect;  and  such  cracks, 
sui)jected  to  the  severe  strain  of  daily  use,  may  increase  in  size 
and  become  dangerous.  But  such  cracks  will  alter  the  magnetic 
quality  of  the  steel  in  their  vicinity,  and  by  passing  the  rail  through 
a  suitable  magnetic  testing  instrument  weak  spots  can  be  dis- 
covered. The  same  principle  has  been  used  for  testing  periodically 
the  steel  cables  of  hoisting  machinery. 

It  is  interesting  to  note  in  passing  that  steel,  which  owes  some- 
thing to  magnetic  science  for  the  modern  perfection  of  its  manu- 
facture, has  shown  itself  in  one  respect  rather  ungrateful.  The 
use  of  steel  in  the  construction  of  ships  interferes  with  the  proper 
action  of  the  magnetic  compass,  and  makes  necessary  so  many 
complicated  and  troublesome  corrections  that  the  magnetic  com- 
pass is  now  being  widely  replaced  by  the  non-magnetic  gyro- 
compass. The  time  may  not  be  far  distant  when  this  first  practical 
application  of  magnetism  may  be  as  much  of  an  antique  as  the 
spinning  wheel. 

In  this  brief  review  we  have  seen  some  of  the  many  applications 
of  magnetism  which  have  been  made  possible  by  the  discoveries 
of  the  nineteenth  century.  What,  on  the  other  hand,  have  these 
discoveries  done  to  advance  our  theoretical  knowledge  of 
magnetism? 

Much  has  been  done  on  this  side  also.  For  one  thing,  the 
nineteenth  century  has  given  us  a  partial  answer  to  the  question, 
"Why  does  tlie  compass  needle  pohit  to  the  north?" 
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About  the  year  1000  the  earth  was  believed  to  be  a  great 
permanent  magnet  Hke  the  loadstone.  We  have  seen  that  the 
discovery  of  tlic  variation  of  the  compass  needle  made  this  hypoth- 
esis untenable,  for  there  was  then  no  reason  known  why  the  poles 
of  a  magnet  should  change  their  position.  The  discovery  of  tlie 
electromagnet  in  the  nineteenth  century  suggested  a  partial  solu- 
tion for  this  difficulty,  for  it  was  found  that  the  poles  of  an  electro- 
magjiet  would  sliift  their  position  with  a  change  in  the  position  of 
the  exciting  coil. 

For  example,  if  we  take  a  terrestrial  globe  made  of  iron,  wind 
a  coil  of  wire  around  it  following  the  direction  of  its  equator,  and 
pass  an  electric  current  through  the  coil,  the  globe  will  become 
magnetized,  and  its  magnetic  poles  will  coincide  with  the  geo- 
graphical poles.  But  if  the  exciting  coil  be  tilted  slightly,  the 
magnetic  poles  will  suffer  a  corresponding  change  in  position. 
Nor  is  it  necessary  that  the  coil  be  wound  on  an  iron  core.  With 
a  core  of  stone  or  wood,  or  even  with  no  core  at  all,  the  magnetic 
field  of  the  coil  will  still  be  in  evidence,  though  with  diminished 
intensity,  and  will  follow  any  change  in  position  of  the  coil.  If, 
then,  the  earth  were  a  huge  electromagnet  instead  of  a  permanent 
magnet,  the  change  of  place  of  tlie  magnetic  poles  might  be  pos- 
sible. But  where  are  we  to  look  for  the  current  to  excite  this 
great  electromagnet? 

For  this  question  also,  the  nineteenth  century  provided  a 
suggestion.  When  the  first  telegraph  lines  were  established  about 
the  middle  of  the  century  it  was  found  that  there  were  certain  days 
when  the  lines  were  unworkable.  Electric  currents  of  mysterious 
origin  found  their  way  into  the  lines  and  made  it  impossible  to 
transmit  messages.  The  origin  of  these  currents  was  finally 
traced  to  the  earth  itself,  the  current  entering  the  telegraph  line 
through  its  grounded  ends.  Further  study  showed  that  these 
earth  currents  were  always  present,  usually  of  an  intensity  too 
feeble  to  cause  serious  trouble;  but  on  certain  days  the  intensity 
of  these  currents  would  rise  to  such  a  point  as  to  drown  out  the 
current  carrying  the  message.  It  was  further  noticed  that  at  such 
times  there  was  apt  to  be  an  aurora  visible  at  night,  and  that  the 
variation  of  the  compass  was  unusually  erratic.  Such  disturb- 
ances are  known  by  the  name  of  "magnetic  storms." 

In  adtlition  to  these  always  present  earth  currents,  it  is  now 
recognized  that  tliere  are  electric  currents  in  the  upper  atmosphere, 
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which  at  times  may  become  sufficiently  intense  to  l)e  accompanied 
by  a  j;k>w  discharge  wFiich  we  call  an  aurora,  and  the  joint  action 
of  these  earth  and  air  currents  of  electricity  is  regarded  as  at  least 
a  considerable  factor  in  the  earth's  magnetism. 

But  with  all  this  progress  in  magnetic  science,  theoretical  and 
applied,  we  are  still  without  a  satisfactory  answer  to  the  question, 
**What  is  magnetism?"  The  experiments  of  Oersted  and  Faraday 
opened  our  eyes  to  the  close  relation  that  exists  between  magnetism 
and  electricity,  but  as  we  cannot  yet  answer  the  question,  "What 
is  electricity?",  we  have  only  reduced  two  mysteries  to  one.  .And 
yet  to  that  extent  we  have  simplified  the  task  before  us,  and  we 
continue  our  researches  in  the  confident  hope  and  belief  that  at 
any  time  some  new  discovery,  as  fruitful  as  those  of  Oersted  and 
Faraday,  may  unlock  for  us  this  last  mystery. 


T 
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RICHARD  SHAUTHEIMER 

Yauar  Ck>Uege 
(Bead  April  1939) 

Abstract 

Although  remodelled  several  tinus  from  the  XV  through  the  XVIII  centuries, 
the  churcli  of  S.  Pietro  in  Vincoli  in  Rome  preserves  considerable  remnants  of  its 
Early  Christian  structure.  As  can  be  shown  from  those  remnants  the  edifice  was 
originaUj  a  basiliea  with  a  nave  bonnded  by  two  arcades  of  eleven  arches  each, 
with  two  aisles,  a  transept  and  one  single  apse.  Traces  of  walls  and  of  an  arch 
above  the  XV  century  vaults  indicate  that  in  a  first  project  the  transept  was  to 
be  divided  into  three  parts:  a  center  bay  slightly  wider  than  the  nave  was  to 
eoBomiinieate  with  two  wings  by  a  series  of  three  arches  on  eitlier  side;  these 
arcades  were  to  carry  upi>er  walls  with  three  openings  each.  While  the  building 
waa  still  in  progress  this  first  project  was  replaced  by  an  arrangement  in  which  the 
three  divisions  of  the  transept  were  marked  off  only  by  four  projecting  piers.  This 
was  the  arrangement  preserved  up  to  the  XV  century. 

A  comparative  analysis  of  the  documents  and  of  the  structure  goes  to  prove  that 
this  basilica  should  be  dated  between  420  and  450.  While  the  church  was  con  e- 
crated  to  the  prinees  of  the  Apostles  there  are  indications  that  it  succeeded  an  older 
Christian  building,  possibly  a  cnnnniinity  house  dedicated  to  Saint  Peter  alone;  from 
the  VI  century  on  the  new  church  gradually  changed  its  dedication  back  to  Saint 
Peter.  Remnants  of  older  structures  which  were  found  in  1878  below  the  apse  are 
published  for  the  first  time  from  a  drawing  in  tlie  Lanciani  collection. 

The  tripartite  transept  is  unique  in  Early  Christian  churches  in  Rome.  A  study 
of  the  transept  of  Early  Christian  times  proves  that  three  types  have  to  be  distin- 
guished: the  ''continuous  transept"  whieh  occurs  only  in  some  Roman  basilieas  of 
tlie  IV  century,  the  "cross  transei>t"  which  is  common  in  the  Near  Eastern  Coast- 
lands  and  the  "tripartite  transept"  which  is  found  in  S.  Pietro  in  Vincoli  and 
eontemporaneonsly  in  a  number  of  basilicas  on  the  Greek  peninsula.  It  seems  to 
be  derived  from  the  arrangement  of  i)astoi)Iiories  flanking  the  forechoir,  a  pattern 
common  throughout  the  Near  East.  Thus  S.  Pietro  in  Vincoli  is  among  tlie  earliest 
examples  of  a  Near  Eastern  iutluence  on  Early  Christian  architecture  in  Rome. 

S.  PiETBo  in  Vincoli  is  known  to  every  pilgrim  to  Rome  if 
only  because  it  houses  Michelangelo's  statue  of  Moses.  The 
church  lies  at  the  S.W.  corner  of  the  Esquiline  Hill,  which  slopes 
steeply  down  to  the  valley,  at  the  bottom  of  which,  in  ancient 

1  Tlte  main  results  of  this  article  formed  part  of  a  paper  read  at  the  Annual 
Meeting  of  the  American  Philosophical  Society  held  in  Philadelphia  in  April,  1939. 
The  research  on  which  it  is  based  was  done  in  connection  with  the  prejiaration  of 
the  second  volume  of  the  Corinis  Bti.'^ilirdriim  Christiananim  Jiomac,  ])ublished  by  the 
Pontifical  Institute  for  Christian  Archajology  in  Ronje  and  supported  by  a  Grant  from 
the  Penrose  Fund  of  the  American  Philosophical  Society  during  the  years  1938  and 
1939. 

The  drawings  v^ed  in  this  article  were  done  by  Mr.  Wolfgang  Frankl,  architect, 
to  whom  I  wish  to  express  my  sincere  thanks. 
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times,  ran  the  ''Suburra'',  the  famous  street  which  conneefeli^ 
the  region  of  the  Fora  with  the  eastern  height  of  the  Esquillafl 
A  steep  staircase,  protected  by  a  XTTT  century  tower,  leads  f  ronll 
the  valley  to  a  large  plaza  which  extends  in  front  of  the  church.  ^ 
From  there  four  steps  lead  up  to  the  porch  of  the  basilica.  This 
porch  is  a  two-storied  building  with  five  arches  on  octag-onal 
piers  on  the  ground  floor  and  with  five  rectangular  windows  on 
the  second  floor.    In  its  interior  the  church  presents  itself  as  a 
basihca  with  axis  i-unning  from  west-southwest  to  east-no rtli- 
east  -  (Fig.  1).    The  nave  is  separated  from  the  aisles  by  two 
arcades  of  eleven  semicircular  arches  each,  which  are  carried  by 
ten  Doric  columns.    The  aisles,  without  windows,  are  covered 
by  groin  vaults.    The  wooden  barrel  vault  of  the  nave  is  seg- 
ment shaped  and  is  inter])enetrated  by  three  lunettes  which  con- 
tain three  rectangular  windows  to  the  north  and  three  shani 
windows  to  the  south.    The  nave  is  followed  by  a  transept  cov- 
ered with  three  groin  vaults  and  this  in  turn  by  three  semi- 
circular apses.    To  the  north  the  church  is  accompanied  by  the 
buildings  of  the  present  convent,  a  long  narrow  structure  which 
reaches  from  the  front  line  of  the  porch  to  the  beginning  of  the 
transept;  to  the  south  it  is  enclosed  by  the  buildings  of  the  B. 
Scuola  di  Ingegneria  which  contain,  among  other  remnants,  the 
well-known  cloister  of  S.  Pietro  in  Vincoli.'   The  S.  wing  of  the 
transept  is  skirted  by  a  Medieval  structure  which  contains  the 
sacristy  on  the  ground  floor  and  some  other  rooms  on  the  upper 
floors.   Behind  the  church  extends  a  small  courtyard  and  be- 
hind this  the  large  gardens  which  contain  the  vast  remains  of 
the  Thermae  of  Trajan.    Only  a  very  few  Roman  remnants  have 
been  found  in  the  neighborhood  of  the  church :  '  remains  of  a 
street  paveiiiciit,  moiH-  than  80  m  long,  whicli  skirts  the  X.  side 
of  the  plaza  in  front  of  the  church  and  fragments  of  another 
street  jiavement,  east  of  the  ajise,  in  the  narrow  street,  the  Via 
delle  Sette  Sale,  which  skirts  the  convent  building  north  of  the 
church.    One  would  assume  that  tlicv  belong  together  and  that 
the  direction  of  the  Via  delle  Sette  Sale,  including  the  curve 
which  it  makes  just  at  the  beginning  of  the  transept,  goes  back 

-  Tliroughout  this  paper  I  sliall  use,  for  convenience,  the  simplified  directions  W. 
for  W.S.W.,  X.  for  N.X.W..  E.  for  K.X.E.,  jiiid  S.  for  S.S.E. 

3  P.  M.  Letarouilly,  Edificvs  dc  Rome  Moderne,  11,  Paris,  1850,  PI.  140  ff.;  see 
also  Bufalini,  map  of  Borne,  1551  (ed.  Ehrle,  1911). 

*  B.  Laneiani,  Forma  Urhis  Bomae,  Milan,  1896,  PI.  22  and  23. 
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to  Roman  times.  A  few  more  traces  of  a  pavement  and  two 
short  pieces  of  walls  have  been  found  south-southeast  of  the 
church  at  a  distance  varying  from  30  to  60  m. 

It  is  obvious,  of  course,  that  the  church  in  its  present  state 
contains  a  number  of  elements  which  point  to  later  reconstruc- 
tions (Fig.  2).  Only  a  few  years  ago  the  triumphal  arch  was 
completely  redecorated  and  given  a  classical  moulding.^  In 
1876/77  the  chancel  was  much  restored:  an  open  confessio  was 
arranged  in  the  middle  of  the  transept,  exactly  in  front  of  the 


Fio.  2.    S.  Pietro  in  Vincoli,  interior. 

High  Altar,  and  the  XV  century  shrine,  containing  the  chains 
of  Saint  Peter,  was  placed  in  this  confessio.''  The  High  Altar 
itself,  reconsecrated  in  1877,^  was  rebuilt  at  the  very  borderline 
of  apse  and  transept  and  placed  under  a  highly  decorative  can- 
opy. Below  the  High  Altar  a  -small  crypt  was  constructed  for 
the  relics  of  the  Maccabean  Brothers  which  were  rediscovered 
at  that  time.    Simultaneously,  a  new  jjavement  was  laid  in  the 

6  ConipHre  the  old  Alinari  plioto  6198  with  tlie  new  photograph,  Fig.  2. 

0  P.  Mencacci,  Brrvi  notizie  suUe  Catene  di  San  Pietro,  Rome,  1877,  passim. 

1  Inscription  in  the  confessio;  see  Mencacci,  op.  cit.,  p.  67. 
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chancel  ^  and  a  number  of  repairs  were  executed  above  the  vaults 
of  the  transept.  The  upper  part  of  the  triumphal  arch  was  re- 
stored, as  appears  from  its  XIX  century  masonry,  and  a  door 
Avas  arranged  between  the  roof  of  the  N.  transept  and  the  upper 
floor  of  the  convent  (see  Fig.  12,  right  edge).  Smaller  repairs 
were  executed  over  the  whole  exterior  of  the  main  apse  (Fig.  3), 


Fia.  3.    S.  Pietro  in  Vincoli,  apse,  exterior. 


including  the  brick  archivolts  of  its  windows.  Before  that  time 
the  church  had  a  very  different  aspect  which  can  be  recon- 
structed from  older  plans  and  reproductions  (Fig.  1,  4).®  The 
altar  stood  further  back  in  the  apse  and  was  raised  on  a  rec- 
tangular platform.    Two  steps,  instead  of  three,  led  from  the 

8  Mencacci,  op.  cit.,  p.  66  f . 

9H.  Huebsch,  Die  altchristlichen  Eirchen  .  .  .  ,  Carlsruhe,  1862/63,  PI.  IX,  7,  8; 
C.  J.  Bunsen,  J.  G.  Gutensohn,  J.  M.  Knapp,  Die  Basiliken  des  christlichen  Romn, 
Munich,  1843,  PI,  VIII,  XI;  L.  Canina,  Ricerche  sulV  Architettura  .  .  .  dei  Tempi 
Cristiana  .  •  .  ,  Rome,  1846,  PI.  LVI,  Aside  from  the  ground  plans  and  sections 
contained  in  these  works,  an  interior  view  is  given  in:  L.  Rossini,  I  monumenti  piu 
interessanti  di  Roma,  n.  d.  (but  about  1818).  An  unpublished  drawing,  the  ground- 
plan  of  the  old  chancel  and  the  remnants  found  below  the  apse  in  1876,  is  preserved 
in  the  Lascito  Lanciani  XXXIX,  Vol.  1,  f.  49,  no.  30930,  at  the  R.  Istituto  di  Storia 
dell'  Arte  e  d'  Archeologia,  Rome.    See  below,  n.  111. 
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transept  to  the  apse.  There  existed,  of  course,  no  confossio, 
but,  in  front  of  the  apse,  a  choir  screen,  with  a  wide  opening  in 
its  center,  projected  to  about  the  middle  of  the  transept. 

Earlier  repairs  had  been  made  in  the  late  XVIII  and  early 
XIX  centuries.  The  bases  of  the  Doric  columns  must  have  been 
added  to  the  shafts  about  that  time;  they  are  certainly  not  orig- 
inal.   They  are  made  of  Carrara  marble,  not  Parian  like  the 


FlO.  4.    S.  Pietro  in  Vincoli,  interior  (engraving  L.  Rossini). 


columns,  and  instead  of  standing  under  the  shafts,  they  are 
added  to  them  in  two  half  rings,  a  procedure  which  was  common 
in  Rome  during  the  XVIII  century  whenev^er  bases  were  to  be 
added  to  older  colunms.^"  In  1765  the  pavement  of  the  nave 
was  laid,"  and  the  portal  was  flanked  by  two  columns  and  sur- 

10  The  device  was  used,  for  example,  at  S.  Maria  Maggiorc  in  1743-50.  I  have 
not  been  able  to  establish  the  exact  date  at  which  the  bases  were  added  to  tlie  col- 
umns at  S.  Pietro  in  Vincoli,  Seroux  d'Agincourt,  who  wrote  his  book  (.T.  B.  L. 
G.  Seroux  d 'Agincourt,  Hustoire  de  I'Art  .  .  .  ,  Paris,  1823)  between  1781  and  1789 
(Ibidem,  I,  j).  6  flF.),  saw  the  columns  still  without  bases  (Ibidem,  III,  p.  16;  IV, 
PI.  XXI,  Figs.  2  and  C),  while  Rossini's  engraving,  which  was  done  about  1818,  al- 
ready shows  them. 

11  Inscription  inside  and  over  the  main  portal;  V.  Forcella,  Iscrizioni  delle  rhiete 
.  .  .  di  Boma  .  .  .  ,  IV,  Rome,  1869-84,  p.  91. 
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mounted  by  a  tablet,  with  a  related  inscription,  surrounded  by 
a  splendid  aedicula.  The  segmental  barrel  vault  was  erected 
over  the  nave  in  1705; "  an  inscription  at  the  triumphal  arch," 
dated  1706,  expressed  the  thanks  of  the  abbot  and  his  congrega- 
tion to  Prince  G.  B.  Panfili  for  having  the  ceiling  constructed 
and  to  Cardinal  Marcello  Diirazzo,  title  cardinal  of  the  church 
from  1686  to  1710,'*  for  liavini;-  it  painted.  The  contemporary 
^uide  books  elaborate  on  this  statement.  The  ceilini*;  was  de- 
signed by  Francesco  Fontana,^''  while  the  ceilin<4'  paint in,u:  was 
executed  by  G.  B.  Parodi  from  Genova.^"  At  the  same  time  the 
paintinijfs  in  the  apse  were  renovated  by  Giacomo  Carboni/'  the 
right  lateral  apse  was  restored,'*  the  columns  of  the  nave  were 
done  over,**  and  three  new  windows,  those  to  the  south  being 
sham  windows,  were  arranged  on  either  side  of  the  clerestorey.^" 
Almost  simultaneously,  the  ceilings  in  the  portico  along  the 
facade  were  redone  by  Cardinal  Giovanni  Antonio  Davia  "  and 
grills  were  made"  bearing  the  coat  of  arms  of  Clement  XI 
(1700-1721).  For  stylistic  reasons  the  decoration  of  the  tri- 
umphal arch,  as  it  is  still  visible  in  older  photographs,  the  dec- 
orations of  the  upper  walls  of  the  nave,  the  mouldings  of  the 
arches  above  the  columns  and,  particularly,  the  Corinthian  capi- 
tals of  the  columns  at  the  triumphal  arch  and  of  tlic  pilasters 
besi<le  these,  and  the  four  windows  rii^ht  and  left  of  the  main 
door  -'-^  must  also  belong  to  this  same  period. 

i2Tlie  date,  1750.  which  is  pivcn  by  A.  Nibby,  Boma  nel  MDCCCXXXVIII,  I, 
pt.  II,  p.  669,  is  evidently  a  misprint. 

i«  It  was  entirely  changed  some  time  ago,  but  the  original  text  is  preserved  by 
Forcella.  op.  ext.,  IV,  p.  91  and  in  an  old  photograph,  Alinari,  no.  6198. 

34  Ch.  Berton,  ed.  J.  P.  Mijjno,  Diriionnaire  drs  Cnrdinaur,  Paris,  1857,  col.  870 
(=  J.  P.  Migne,  Iroiniemc  ct  dcrniere  cncycloptdie  theologique,  Vol.  31). 

»»  Francesco  Fontana,  son  of  Carlo  Fontana,  1668-1708 ;  see  Thieme-Becker, 
KiinstlerlrxHon,  XII,  Leipsio,  101 H.  p.  178,  and  L.  Pascoli,  Vilr  dr'  pitfnri,  sruU<yri 
ed  architetti,  II,  Rome,  1730-36,  p.  545  ff.  N.  Boisecco,  Eoma  antica  e  moderna,  II, 
Borne,  1765.  p.  481,  gives  by  mistake  the  name  of  the  architect  as  Carlo  instead  of 
Francesru  Fcjulana. 

i«  O.  Panciroli,  F.  Postorla,  F.  (Vcroni,  Boma  Sacra  r  ^Imli  rnn,  Rome,  1725; 
p.  94;  Roisecco,  op.  cit.,  p.  481  f. ;  Pascoli,  op.  cit.,  11,  p.  547;  F.  Titi,  Descrizione 
delle  Pitture  .  .  .  ,  Rome,  1763,  p.  478. 

it  'nti,  I.  c;  Nibby,  op.  cit.,  p.  669. 

i«  Titi,  op.  cit.,  p.'240. 

Boisecco,  op.  cit.,  p.  482;  Nibby,  op.  cit.,  p.  669. 

»o  Ibidem. 

21  Ibidem;  according  to  Bcrton,  op.  cit.,  col.  787,  he  was  Cardinal  of  S.  Callisto 
from  1713  to  1737  and  Cardinal  of  8.  Lorenzo  in  Lucina  from  1737  to  1740. 
*2  Nibby,  op.  cit.,  p.  669;  Boisecco,  op.  cit.,  p.  482. 

M  One  sees  clearly  that  they  are  older  than  the  two  columns  of  the  main  portal. 


360 


RICHARD  KRAUTHEIMER 


An  earlier  period  of  activity,  though  on  a  considerably 
smaller  scale,  had  taken  place  late  in  the  XVI  centnry.**  Cardi- 
nal Antonio  Granvella,  who  held  the  title  from  1570  to  78,  had  a 
second  storey  built  over  the  portico,  as  it  appears  from  the  in- 
scription, '^\NT.  CAR.  GRAXVELAXU8",  on  the  architrave 
of  its  windows.-'    On  July  15,  1580  all  the  altars  were  reconse- 
crated by  Gregory  XIII.-*    The  main  restoration  of  that  period, 
however,  was  the  redecoration  of  the  apse,  in  1577,  by  Jaeopo 
Coppi  from  Florence  (Fig.  2).-'    Simultaneously,  the  two  wide 
rectangalar  windows  were  arranged  which  light  the  apse  at 
present.    Two  more  rectangular  windows,  similar  in  shape  but 
smaller,  were  disposed  in  the  center  of  each  of  the  lateral  apses. 
A  broad  low  buttress  was  erected  against  the  center  of  the  main 
apse.   At  the  same  time,  two  long  rectangular  windows  of  the 
type  used  in  the  main  apse  were  pierced  through  the  E.  wall  of 
the  transept  above  the  lateral  chapels.'*   They  are  surmounted 
by  wooden  architraves  with  segment  shaped  relieving  arches 
above  them.   One  would  assume  that  similar  arches,  instead  of 
the  XIX  centurv  brick  architraves,  existed  above  the  rectancfular 
windows  of  the  main  apse,  and  that  also  the  three  windows  in 
the  X^.  clerestorey  of  the  nave,  which  are  mentioned  by  Mellini 
as  havinu:  existed  in  the  middle  of  the  XVTI  centurv,"  had  been 
arranged  about  1575.    Likewise,  the  small  bell  tower  over  the 
X^.W.  corner  of  the  X^.  transept  must  have  been  executed  during 
this  rebuilding  period,  since  its  forms  definitely  point  to  the  late 
XVI  century  (Fig.  3). 

  • 

s^Tlie  XVH  century  repairs  were  insignifleant :  C.  B.  Piazsa,  La  Gerarehia 
Cardinalieia,  Rome.  1723,  p.  512,  mentions  repairs  of  the  roof  in  1676. 

ssrponio.  Cod.  Barb.  lat.  2100  (Rome.  Vatican  Library),  f.  172:  "Ne  il  Cardl 
Presente  Granvelano  ha  mancato  di  farvi  fabriche  et  sue  sono  quelle  sopra  il  portico 
della  chiesa**. 

26  Cod.  Vat.  lat.  11911  (Rome,  Vatican  Library) ;  I  am  not  quite  certain  whether 
this  date  is  correct,  and.  unfortunately,  I  am  unable  to  check  it  at  present.  Con- 
secrations usually  take  place  on  Sundays  and  July  15,  1580  was  not  a  Sunday;  see 
H.  Grotefend,  Zeitrechnung  d«  deuigehen  Mitteldlterg  und  der  Neiureit,  I,  Hannover, 
1891-98,  PL  n  and  IH. 

27  Roisecco.  np.  Hi.,  p.  480;  Titi.  op.  rit.,  p.  240;  T^ponio,  Cod.  Barb.  Lat.  2100 
(Rome,  Vatican  Library),  f.  172,  was  not  quite  sure  of  the  date.  "La  tribuna  e 
stata  fatta  dipingere  I 'anno  157  .  dal  B.  P.  .  . .  11  3o  Anno  del  sno  Oeneralato." 

MMellini,  Cod.  Vat.  lat.  11905  (Rome,  Vatican  Library),  f.  125  ff.:  "La  lUTe 
trasversa  .  .  .  piglia  il  lunie  a  oriento  da  quattro  finestre  quadre  .  .  .  dne  sopra  le 
cappclle  e  due  nel  semicircolo  della  Tribuna.  .  . 

8»Mellim,  I.  e.:  .  .  qnesto  nave  piglia  11  Inme  ad  occidcnte  da  una  finestra 
tonda  a  settentrione  da  tre  finestre  qnadre  a  mezsogiorno  le  finestre  son  Ante.  .  .  .** 
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Fig.  5.    8.  Pietro  in  Vincoli,  plan  (drawing  G.  A.  Colonna  da  Tivoli). 


It  is  worthwhile,  I  think,  to  attempt  a  reconstruction  of  the 
aspect  of  the  church  before  these  repairs,  that  is,  at  about  the 
time  when,  from  1542  to  1545,  Michelangelo  erected  the  tomb  of 
Julius  II  against  the  S.  wall  of  the  S.  transept.  As  today,  the 
building  consisted  of  a  nave,  accompanied  by  two  aisles,  of  a 
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transept  and  of  three  apses  which  opened  onto  the  transept. 
The  nave  had  an  open  timber  roof  with  beams  that  rested  on 
wooden  leaf  consoles;  both  beams  and  consoles  are  preserved 
above  the  XVIII  century  vault.   The  aisles  were  covered  with 
the  strongly  domical  groin  vaults  which  still  exist;  they  have 
no  separating  transverse  bands  and  are  strengthened  by  tie-rods. 
Three  similar  groin  vaults  cover  the  transept,  a  square  one  over 
the  center  bay  and  two  oblong  ones  over  the  wings.   The  cross 
piers,  of  a  somewhat  irregular  shape,  which  separate  the  nave 
from  the  transept,  and  likewise  the  correspondino:  piers  between 
the  main  apse  and  the  lateral  apses  existed  at  that  time.  This 
is  proved  by  two  ^j:r()ini(l))laiis  of  the  XVT  century,  one  by 
Antonio  da  Sanuallo,  the  Younj^er  ( 1 486-1  ;")4() )     and  the  other, 
with  exact  measurements,  by  Giovanni  Antonio  Colonna  da  Tivoli 
(ir)r)4)      (Fis^.  5).    The  straisfht  wall,  which,  in  the  interior, 
straightens  the  irre,2:ular  shape  of  the  X.  transept,  must  also 
have  existed  at  that  time.    It  contains  the  niche  in  which  the 
shrine  for  the  chains  of  Saint  Peter  nsod  to  stand,  and  it  must 
be  contemporaneous  with  the  transept  vault  that  rests  on  it  and 
above  which  it  does  not  continue.    The  main  apse,  covered  with 
a  semidome,  contained  the  old  High  Altar  raised  on  a  platform. 
The  apse  itself  was  raised  two  steps  above  the  transept  as  were 
the  lateral  apses,  where  these  steps  are  still  preserved.    At  this 
period  oblong  windows  with  round  arches  were  arranged  in  the 
main  apse  and  in  the  center  of  the  lateral  apses ;  traces  of  two 
of  the  windows,  filled  with  rubble  work,  are  still  visible  next  to 
the  XVI  century  windows  of  the  main  apse  and  above  the  XVI 
century  windows  of  the  lateral  apses  (Fig.  3). 

The  N.  transept  wing  sheltered  the  bronze  shrine  for  the 
chains  of  Saint  Peter,'*  the  S.  wing,  the  tomb  of  Julius  II.  As 
today,  a  portico  extended  along  the  facade.  It  opened  in  five 
semicircular  arches,  carried  by  four  octagonal  piers  in  the  mid- 
dle and  by  two  half  piers  at  the  corners,  all  with  palmette  capi- 

30  Florence,  Ufiizi,  Dis.  arch.  1160  (A.  Bartoli,  I  Monumcnti  antichi  nei  disegni 
dcgli  UffiH  .  .  .  ,  III,  Home,  1914r-22,  PI.  CCLXXXIV,  Fig.  470). 

31  Cod.  Vat.  lat.  7721,  formerly  sp.  Colonna  7721  (Rome,  Vatican  Library),  f. 
20';  unpublislied.    The  measurements  are  given  in  Roman  feet. 

32  It  is  mentioned  as  in  this  place  from  the  late  XVI  century  on :  Ugonio,  Cod. 
Barb.  lat.  2160  (Rome,  Vatican  Library),  f.  172;  Mellini,  Cod.  Vat.  lat.  11905  (Borne, 
Vatican  Library).  It  w;is  still  there  in  the  early  XVIII  century  (Titi,  np.  cit.,  1763, 
but  perliaps  just  taken  over  from  the  edition  of  1736)  but  was  certainly  removed  to 
the  sacristy  before  1765  (Eoisecco,  op.  cit.;  Nibby,  op.  cit.)  where  it  remained  until 
1876. 


Copyrighted  material 


S.  PIETRO  IN  VINCOLl  AND  TIUPAKTITE  TRANSEPT  363 


tals.  Six  half  octagonal  piers,  which  lean  against  the  wall  of 
the  facade  proper,  prove  that,  before  the  XVIII  century,  the 
portico  was  covered  witli  ^roin  vaults.  A  iiiiiiiber  of  drawings 
show  that  this  portico  was  one  storied,  and  tliat  it  liad  a  lean-to 
roof.^^  Other  drawinus  help  to  further  clarify  the  exterior 
aspect  of  the  church.  Above  the  roof  of  the  portico,  the  facade 
seems  to  have  contained  a  number  of  lonu:  arched  windows,  pos- 
sibly three,  and  an  oculus  in  the  triangular  gable."  Similar 
arched  windows  opened  in  the  clerestory."  A  drawing  of 
about  1540  '*"  shows  that  the  long  round  arched  windows  of  the 
apse  w^ere  filled  with  a  two-light  tracery  and  that,  aside  from 
the  two  windows,  traces  of  which  are  still  visible  next  to  the 
present  rectangular  XVI  century  windows,  one  more  window 
existed  exactly  in  the  middle  of  the  apse.  Its  site  was  evidently 
hiddon  when  the  thick  low  buttress  was  erected  against  the 
middle  of  the  apse.  When  this  drawing  was  made,  a  small  bell 
tower  rose  from  a  tall  building  to  the  south  of  the  transept;  yet 
as  late  as  the  second  quarter  of  the  century,*'  a  regular  cam- 
panile seems  to  have  risen  from  the  S.  transept  of  the  church 
proper.  Along  the  N.  aisle  there  extended,  according  to  this 
same  drawing,  the  palace  of  S.  Pietro  in  Vincoli,  the  remnants 
of  which  are  preserved  in  what  is  the  present  convent.  It  had 
two  stories,  each  with  five  rectangular  windows  with  cross  mul- 
lions,  and  a  third  story  with  a  loggia ;  the  whole  facade  was  cov- 
ered with  a  decoration  of  stucco  or  graffito  work.  On  the  op- 
posite side  of  the  church  extended  what  then  was  the  convent 
proper  (and  what  at  present  is  the  Scuola  di  Ingegneria)  and  its 
cloister. 

33  Mnp  of  Rome,  1474,  Laur.  Red.  77  (Ronu-,  Vatican  Library),  (G.  B.  !)••  Rossi, 
Piante  iconografiche  e  prospcttichc  di  Bovia,  Rome,  1879,  PI.  IV)  ;  Map  of  Mantova, 
1534,  probably  from  a  prototype  of  before  1483  (De  Bosri,  op.  eit.,  PI.  VII) ;  Anon- 
vmous,  Vit>w  (if  Rome,  about  1490,  Cor].  Escurial..  f.  40  (II.  Ejjper,  Rfimisrhr  Vrrlntrv, 
il,  Vienna,  1931,  PI.  104,  and  idem,  Codex  Escurialensia,  Sonderdruck  des  dstrrrcich- 
igchen  archaologischen  Instituts,  Band  IV,  Text,  Vienna,  1906,  PI.  IV) ;  Dosio,  pano- 
rama of  Rome,  about  1560,  Florence,  Uffizi,  Dis.  arch.  2r>2:\  CRartoli,  op.  cit.,  V,  PI. 
CDXII,  Fig.  748).  The  drawings  of  15312-3(i  in  Heemskt-rk 's  sketchbook  at  Berlin, 
Kupferstichliabinett,  f.  55  and  f.  92  (H.  Egger  and  Ch.  Hiiisen,  Die  romischen 
SkizsenbHeher  dea  Marten  van  Heemgkerk,  II,  Text,  Berlin,  1913  11.,  PI.  74,  121,  pp. 
34,  51),  are  small  sketches  and  not  very  reliable. 

»♦  Map  of  Mantova;  Ileemskerk;  Dosio;  see  preceding  note. 

85  Map  of  Mantova ;  see  above,  n.  33. 

M  French  or  Piedimontese  Anonymons,  before  1551;  formerly  Borne,  Coll.  L. 
Pollak  (Egger,  Bomische  Vrdutrn.  Tl.  PI.  148). 

3'  Heemskerk,  see  above,  n.  33;  it  appears  also  in  Wvngaerde 's  panorama,  which 
is  usually  dated  about  1550  (Egger,  Bomische  Feduten,  II,  PI.  108). 
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The  constructions  at  the  chnrch  of  S.  Pietro  in  Vineoli 
proper,  such  as  the  top  parts  of  both  nave  and  transept  walls 

which  carry  the  beams  of  the  XV  century  roof  and  wliich,  there- 
fore, must  be  contemporaneous  with  it,  are  done  in  a  very  char- 
acteristic masonry  of  roughly  hewn  tufa  stones  (Fig.  12).  It  is 
a  type  of  construction  which  frequently  appears  in  Roman  build- 
ings of  the  late  XV  century.^*  This  same  masonry  was  used  for 
constructing  the  E.  wall  of  the  S.  transept,  the  two  lateral  apses, 
and  the  buttresses  which  bond  with  these  apses,  one  on  either 
side  of  the  S.  apse  and  one  more  north  of  the  X.  apse.  This  last 
buttress  interpenetrates  an  inclined  wall  which  abuts  tlio  X.  wall 
of  the  N.  transept.  All  these  parts  must  have  been  added  to 
the  building  in  the  late  XV  century  (Fig.  3). 

This  observation  is  particularly  important  for  the  two  lateral 
apses.  Including  the  foundation  walls  of  the  S.  apse,  they  are 
done  in  the  same  masonry  and  have  no  structural  connection 
whatsoever  with  either  the  main  apse  or  the  walls  of  the  tran- 
sept. This  is  confirmed  by  the  fact  that  the  foundation  walls 
of  the  S.  apse  are  at  a  level  about  50  cm  above  that  of  the  main 
apse.*'  Thus  the  lateral  apses  should  be  considerably  later  than 
the  main  apse  (Fig.  6). 

This  whole  lay-out,  particularly  the  arrangement  of  the 
church,  follows  a  pattern  which  was  common  in  Rome  during 
the  last  third  of  the  XV  century.  It  has  not,  however,  received 
sufficient  consideration.  It  is  the  pattern  used  under  Sixtus  IV, 
Innocent  VIII,  and  Alexander  VI  for  the  restoration  of  Early 
Christian  and  ^ledieval  basilicas.  AVhether  one  studies  S.  Ce- 
cilia or  S.  Agnese  f.  1.  m.,  S.  Eusebio  or  8.  Maria  Maggiore,  S. 
Marco  or  SS.  Apostoli,  S.  Agata  dei  Goti  or  S.  Croce  in  Geru- 
salemme,""  one  finds  the  same  features:  the  open  timber  roof  or 
the  flat  ceiling  in  the  nave,  groin  vaults  in  the  aisles  and  in  the 
transept,  if  the  church  has  a  transept,  a  groin  vaulted  portico 

««  For  example,  the  campanile  of  S.  Agnese  f .  1.  m.,  dated  1479. 

30  Tho  founrlations  of  the  N.  np'jc  are  covered  by  the  pavement  of  the  courtyard. 

*o  S.  Agata  dei  Goti,  restoration  of  1461-69 :  vaults  of  aisles,  portico  existed  al- 
ready; 8.  Agnese  f.  1.  m.,  restoration  of  probably  about  1479:  vanlts  of  aisles; 
SS.  Apostoli,  restoration  of  14ri3-77:  repairs,  flat  ceiling  of  nave,  portico,  cloister; 
8.  Cecilia,  restoration  of  1484  ( ?)  :  vaults  of  aisles,  portico  existed  already;  S.  Croce, 
restoration  of  1460-93:  flat  ceiling  of  nave,  vaults  of  aisles  and  of  transept;  S. 
Eusebio,  restoration  of  1447-55:  flat  ceiling  of  nave,  vaults  of  aisles;  S.  Marco, 
restoration  of  14nr)-71  (1):  flat  (MMling  of  navo,  vaults  of  aisles,  portico;  S.  Maria 
Maggiore,  restoration  of  1450  ff.;  flat  ceiling  of  nave,  vaults  of  aisles  and  transept, 
portico  existed  already;  etc. 
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in  front  of  the  building,  the  cloister  to  one  side.  Occasionally 
even  new  chnrches  were  constructed  on  this  pattern,  which  was, 
evidently,  the  XV  century  conception  of  the  appearance  of  an 

Earlv  Christian  church.  Such  a  "neo-Pjarly  Christian"  basilica 
of  the  late  XV  century  is  S.  Lorenzo  in  Daniaso  in  the  Cancel- 
leria.  The  prototype  of  the  whole  ,i>i  oup  seenis  to  have  been 
the  plan  which  was  followed  when  Nicolaus  V  attempted  to  re- 
build St.  Peter's  from  1451  to  1455.  Whether  Bernardo  Rossel- 
lino  or  Leone  Battista  Alberti  was  responsible  for  the  plan,  or 
w-hether  it  had  been  started  ])efore  thev  came  to  Rome  in  De- 
cember,  1451  and  in  1452,  respectively,  is  of  little  importance 
here.^'  What  is  significant  is  that  Manetti,  in  his  life  of  Nico- 
laus V,**  clearly  indicates  that  the  intention  was  to  construct 
groin  vaults  in  the  aisles  and  in  the  transept  of  St.  Peter's,  and 
that,  likewise,  the  narthex  in  front  of  the  church  was  to  be 
vaulted.  As  in  all  the  churches  mentioned,  the  nave  was  to  have 
an  open  timber  roof  or  a  flat  ceiling.  The  aspect  of  S.  Pietro  in 
Vincoli  in  the  XV  century  fits  perfectly  into  the  pattern  followed 
in  rebuilding  Early  Christian  basilicas  during  this  period. 

There  are  many  documents  to  prove  that  this  transformation 
of  S.  Pietro  in  Vincoli  took  place  during  the  last  third  of  the  XV 
century.  Contrary  to  the  general  opinion,  however,  this  re- 
building consisted  not  of  one,  but  of  a  series  of  restorations. 
Nicolaus  of  Cues,  who  held  the  title  of  cardinal  from  1448  to 
his  death  in  1464,  had  started  the  reconstruction,  although  on  a 
small  scale.  He  began  repairs  on  the  roof,"  erected  an  altar, 
with  two  porphyry  columns,  in  the  X.  traiisc])!,"  near  which  his 
tomb  was  erected  in  1465,  and  bequeathed  a  sum  of  money  for 
the  repair  of  the  church. The  new  title  cardinal,  created  in 
1467,  was  P^rancesco  delle  Kovere,  who,  in  1471,  ))ecame  Sixtus 
rV.    While  cardinal,  he  iirst  repaired  the  palace  of  S.  Pietro 

*»  G.  Dehio,  "Die  Bauprojikte  N'ikohius  V.  iind  L.  B.  Alberti,"  in:  Kvjist- 
hutorische  Aufsiitze,  Munich  and  Berlin,  1914,  p.  163  ff. 

*«G.  Manetti,  "Vita  Nieolai  Quinti,*'  in:  L.  A.  Muratori,  Ber.  Ital.  Script., 
Milan,  1723-51,  III,  2,  col.  934  ff. 

*3Mellini,  Cod.  Vat.  lat.  11905  (Rome,  Vatican  Library),  f.  137:  Ugouio,  Cod. 
Barb.  lat.  2160  (Ronje,  Vatican  Library),  speaks  more  generally  of  repairs  of  the 
church. 

**  F.  Martinelli,  E<nnn  ex  ethnica  sacra,  Koine,  1<)53,      284  f. 

45  E.  Miintz,  "Les  arts  a  la  cour  des  papes, "  111;  in:  Bibtiuthique.'i  dts  EcoUa 
frangaites  d*Athine»  et  de  Some,  fasc.  28,  Paris,  1882,  p.  165:  On  Jan.  15,  1472,  an 
emerald,  worth  70  dacats,  is  sent  by  Sixtus  IV  to  tlic  new  title  cardinal,  Giuliano  delle 
Rovere,  "pro  residuo  satisfactionis  certarum  peeuniaruin  per  bo.  me.  dominum  Nico- 
laum  de  Cusza  .  .  .  legatum  pro  reparatione  ecclesiue.  ..." 
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in  Vincoli,  and  these  repairs  were  still  going  on  in  the  fall  of 
1471,  after  he  had  become  pope."  Also,  the  roof  of  the  church 
was  restored  in,  or  shortly  before,  1471."  Yet  the  transforma- 
tion of  the  church  proper  was  due  to  the  pope's  iie]jhew,  the 
new  title  cardinal  Giuliaiio  delle  Rovere  (1471-1 503).  The 
vaults  of  both  the  transept  and  the  main  portal  bear  the  papal 
coat  of  arms  of  the  delle  Rovere,  and,  since  the  architrave  of 
the  door  used  to  bear  an  inscrijjtion  which  can  have  referred 
only  to  Giuliano  delle  Rovere,  they  nuist  thus  be  dated  after 
1471.**  The  wooden  door  of  the  nave  also  carries  an  inscrip- 
tion referring-  to  Giuliano  (Fig;.  5).  The  bronze  shrine  for  the 
chains  of  St.  Peter,  which,  before  the  XVIII  century,  stood  in 
the  left  transept,  is  dated  1477  and  bears,  as  well  as  their  coat  of 
arms,  an  inscription  referring  to  Sixtus  IV  and  Giuliano  delle 
Rovere.'"  The  portico  also  must  have  been  erected  before  1475 
or  at  least  before  1483  since,  from  this  time  on,  it  appears  on  the 
maps  of  Rome."  Vasari  had  attributed  the  remodelling  of  the 
church  as  well  as  the  erection  of  the  portico  to  Baccio  Pintelli.** 
The  date  of  the  cardinal's  palace,  the  building  of  which  Vasari 
attributed  to  Giuliano  da  Sangallo,*'  cannot  be  definitely  ascer- 
tained." Since,  however,  the  portico  leans  against  it,  the  pal- 
ace must  have  been  started  contemporaneously  with,  or  even 
earlier  than,  the  portico.''  Likewise  the  convent  to  the  south, 
including  the  cloister,  nuist  have  ])een  started  about  this  period, 
as  is  proved  l)y  the  inscription  'MUL.  CAR.  S.  PET.  AD  VIN" 
on  the  architrave  of  one  of  its  doors.^''  The  name  of  the  archi- 
tect is  unknown.'"    The  inscription  would  point  to  a  date  before 

*9  Miintz,  op.  cU.,  p.  164. 

+'  Miintz,  I.  r. 

4»  Nibby,  op.  dt.,  p.  665 :  ' '  Astra  Palatiuis  quae  tangit  ab  aedibus  hospes.  Ilac 
primum  nata  est  Julia  quercus  humo". 

49  A.  Venturi,  Storia  dell'  arte  italiaiui,  VT,  1908,  p.  r>i!8;  it  is  irrevelant  for  our 
problem  wliothor  the  slirine  was  executed  by  the  PoUaiuoli  or  by  Caradosso. 

50  See  above,  ii.  33. 

61  See  also  E.  Lavagnino,  " L 'architetto  di  Sisto  IV'»,  in:  L'Arte,  XXVII 

(1924),  p,  4  ft.    It  is,  Iiowever,  doubtful  whether  Pintelli  came  to  Rome  before  1482. 

V.'isari,  op.  cit.,  IV,  j).  278  f.  dated  it  nfter  1492;  this  is  quite  impossible  since 
Giuliano  delle  Rovere  was  absent  from  Rome  from  1492  to  1503. 

saH.  L.  Heydenreich  in  Thieme-Becker,  op.  cit.,  XXIX,  p.  406,  dates  it 
"1477(?)"  without  indicating  his  leiisons. 

64  It  seems  that  Giuliano  delle  Rovere  did  not  complete  the  palace;  see  A. 
Donatus,  Roma  vetus  ac  recens,  Amsterdam,  1095,  p.  325. 

00  Letarouilly,  op.  cit.,  II,  PI.  141,  142 ;  text  p.  320  ff. 

r.o  Wliile  A.  Coudivi,  Vita  di  Michrhui rjilo  Biionarotti,  Rome,  1551,  cli.  XXV  (ed. 
Pisa,  1823,  p.  25),  had  attributed  the  convent  to  Braraante,  the  general  attribution  is 
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1492,  since  Giuliano  delle  Bovere  had  to  leave  Borne  in  this  year 
and  could  not  return  until  after  Alexander  VI 's  death  in  1503, 
when  he  himself  was  elected  Pope  Julius  11.  The  cloister,  how- 
ever, was  completed  only  later  as  other  inscriptions  in  it  refer 
to  cardinal  Sixtus  delle  Bovere,  who  held  the  title  from  1507  to 
1517.*^  It  becomes  evident  that  the  building  activity  was  long, 
extending  over  almost  half  a  century,  and  was  undertaken  by 
the  whole  house  of  the  delle  Kovere,  not  by  any  single  one  of  its 
members/' 

n 

If  one  deducts  all  the  parts  which  were  added  to  the  cliurch 
of  S.  Pietro  in  Vincoli  from  the  XV  to  the  XIX  century,  the 
edi&ce  presents  itself  in  its  original  aspect.  With  the  exception 
of  one  minor  change,-''  the  building  had  preserved  this  original 
state  up  to  the  late  XV  century. 

In  the  original  church,  as  today,  nave  and  aisles  were  sepa- 
rated by  arcades,  each  consisting  of  eleven  arches  (Fig.  6).*" 

to  Giulianu  Saugallo,  tlie  Elder.  This  ia  also  tlie  opinion  of  G.  C'lausae,  Les  Sangallo, 
I,  Paris,  1900,  p.  148  ff.  daiuBe  adds  that  the  cloister  was  erected  "dans  les 
premiers  jours  de  .  .  .  1490",  but  hp  docs  not  give  any  reasons  for  this  precise  state- 
ment. The  capitals  of  the  columns  in  the  cloister,  according  to  Clausse,  I.  c,  would 
have  been  executed  about  1503,  partly  before  and  partly  after  Julius'  election  as 
|Hjf)e,  because  they  bear  tlie  coat  of  arms  of  the  delle  Rovere  alternatingly  sui  Tiiounted 
by  tiaras  and  by  cardinals'  hats.  This  conclusion  is  not  quite  convincing  since  the 
coat  of  arms  in  this  combination  might  as  well  allude  to  a  period  in  which  one  delle 
Rovere  was  pope  and  another,  cardinal.  Such  a  constellation  occurred  between  1471 
snd  1484,  under  Sixtus  IV  and  Giuliano  delle  Bovere,  and  between  1507  and  1517, 
under  Julius  J I  and  8ixtus  delle  Rovere. 

»7  Letarouilly,  op.  ext.,  p.  320  ff.,  while  the  inscription  on  the  well  head  in  the 
cloister  shows  that  this  well  was  begun  under  Julius  II  (1503-13),  the  inscription  on 
the  colonnaded  structure  over  the  well  refers  to  the  cardinalate  of  Leonardo  delle 
Bovere  nr.  17-20). 

»»  Tlie  erection  of  the  organ  loft  in  the  X.  transept  of  the  church  by  Cardinal 
Alessandro  Cesarini  (Ugonio,  Cod.  Barb.  lat.  2160  (Borne,  Vatican  Library),  f.  172) 

before  1542  may  be  considered  as  having  terminated  this  building  activity.  He  also 
donated  shortly  after  1530  the  wooden  door  of  the  sacristy;  see  A.  Paolucci,  "  l)i  una 
porta  lignea  scolpita  nella  sagrestia  di  S.  Pietro  in  Vincoli,''  in:  Boma,  X'  (1932), 
p.  23  ff. 

•  n  See  below,  p.  377  f. 

The  measurements  of  the  original  building  are : 
Length:  from  facade  to  apse:  clear,  59.75  m  =  202  B.  ft.;  including  walls,  61.35  m 
=  20714  R.  ft.;  center  of  wall  to  center  (if  wail,  C0.;j5  m  —  205  R.  ft. 
:  facade  to  triumphal  arch:  clear,  38.50  m  =  i;}0  R.  ft.;  including  walls, 
40  m  =  135^  R.  ft.;  center  of  wall  to  center  of  wall,  39.40  m  =  133^ 
B.  ft. 

•Width:  totel:  clear,  28.61  m  =  97  R.  ft.;  including  lateral  walls,  30.25  m  =  102i4 
R.  ft.;  center  of  wall  to  center  of  wall,  29.45  m  =  almost  100  R.  ft. 
:  nave:  clear,  15.80  m  =  53^  R.  ft.;  including  colonnades,  17.35  m  —  oSy^ 
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The  arches  were  carried  by  ten  Doric  columns  which,  including 
their  capitals,  were  6.80  m  high."^  They  are  certainly  pilfered 
from  some  ancient  building,'^  yet,  in  spite  of  what  has  been  said 
to  the  contrary,  they  are  not  absolutely  homogeneous.^*  They 
differ  in  diameter;  those  to  the  south  vary  from  75  to  84  cm, 
those  to  the  north  from  80  to  86  cm,  and  they  differ  in  the  upper 
parts  of  their  shafts  where  the  flutings  are  sometimes  more, 
sometimes  less  curved.  It  seems  that  the  columns  originally 
had  bases.  Of  course,  they  did  not  have  the  present  ones  which 
are  definitely  of  the  late  XV  111  or  early  XIX  century.  Early 
in  the  XVI  century  Fra  Giocondo  made  an  accurate  drawing  of 
two  bases  from  the  cliiucli  "a  santo  pietro  in  vinchullo  Basa- 
menti  Dorieij.""'  They  are  beautiful  l)ases,  each  consistinii'  of 
jjliiitli  and  torus  (Fiji:.  T) ;  a])ove  the  torus,  at  the  foot  of  the 
shaft,  is  a  fillet  and  tlien  tlie  curved  beginninij:  of  the  shaft 
proper.  Their  heiuhts  were  different;  one  base  was  consider- 
ably lower  and  seems  to  have  risen  from  a  hij;h  socle  which  is 
clearly  indicated  in  the  Frate's  drawing.  The  bases  must  have 
belonged  to  the  colunnis  of  the  arcades.  Fra  Giocondo  says 
clearly  that  they  are  "Basamenti  Doricij"  and  there  are  no 
other  Doric  columns  in  the  edifice  but  those  of  the  arcades.  On 
the  other  hand,  the  two  non-Doric  columns  which  are  in  the 
church,  the  columns  of  the  triumphal  arch,  still  rise  from  their 
original  bases  which  are  attic  bases  with  double  tori.  The  meas- 
urement which  Fra  Giocondo  indicated  on  the  shaft  of  the  col- 
umn with  the  higher  base,  1.195  m,  and  which  must  be  half  the 
circumference  of  the  shaft,  corresponds  to  a  diameter  of  0.76 

R.  ft;  center  of  colonnade  to  center  of  colnnnjidc.  ^C^^^()  ni  —  ."(i  R.  ft. 
:  aisles:  clear,  5.70  m  =  19^  R.  ft.;  including  lateral  wall  and  colonnade, 
7.10  m  =  23^  B.  ft.;  center  of  wall  to  center  of  colonnade,  6.50  m  = 
22  R.  ft. 

Distance  of  columns  from  axis  to  axis:  3.28  m  =  11  R.  ft.,  average.  There  are 
Hliglit  variations. 

It  is  evident  from  these  measurements  that  the  measurements  for  the  original  build* 
ing  were  taken,  as  a  rule,  from  center  of  wall  to  center  of  wall  since  these  respective 
measurements  are  the  only  uncs  which  result  in  round  tigures. 

•»  Seroux  d'Agincourt,  op.  cit.,  IV,  PI.  XXI,  Figs.  2  and  6,  gives  their  height  as 
19  Parisian  feet,  10  pouces  —  (5.44  m;  Hiibsch,  op.  cit.,  gives  it  as  7.65  ml 

•2  Their  provenance  cannot  ho  ascertained. 

•*  F.  de'  Ficoroni,  Li  k  .stiyia  .  .  .  di  Moina  antica,  Rome,  1744,  p.  101,  mentions 
that  only  eight  of  the  columns  are  of  Parian  marble. 

«4  Florence,  UflRei,  Dis.  ar.-li.  1542  verso  (Bartoli,  np.  rif..  T.  PI.  XXXTV,  Fig. 
61).  The  plinth  of  one  was  8  oncie  =  19.8  cm,  of  the  other  0  oncie,  1  niinuta  = 
15.1  em  high ;  the  torus  8  oncie,  4  minute  =  20.6  cm  and  4  oncie  =  9.9  cm  high ;  the 
fillet  1  oneia,  1  minuta  =  2.7  cm  and  1  oneia  =  2.5  cm  respectively. 
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Fig.  7.    S.  Piptro  in  Vincoli,  bases  (drawing  Fra  Giocondo). 


m ;  the  diameter  of  the  other  column  was  0.866  m."*  While 
this  corresponds  exactly  to  the  diameters  of  the  Doric  columns 
(0.75-0.86  ni),  it  far  exceeds  the  diameter  of  the  two  columns  at 
the  triumphal  arch  which  are  only  0.68-0.70  m  in  diameter. 
Thus  the  Doric  columns,  or  at  least  part  of  them,  in  all  likeli- 
hood, were  from  the  very  outset  placed  on  bases."^ 

The  Fra  Giocondo  drawin,e:,  however,  leads  to  another  point ; 
one  base  was  40.4  cm  high,  the  other  25  cm  high,  and  the  lower 

65  5  palmi,  3  oncic,  3  minute  =  119.5  times  2  =  339  cm  divided  by  rr  (3.14159) 
=  76  cm. 

«« Length  of  plinth,  4  palmi,  6  oneie  =  1.04  m  minus  (projection  of  torus,  5 
oncie  —  )  12.4  cm  minus  (curving  of  shaft,  2  oncie  =  )  5  cm  =  0.866  m. 

6"  This  feature  is  unusual  in  classical  Antiquity  but  it  appears  not  infrequently 
in  the  Hellenistic  architecture  of  Rome  during  the  last  centuries  B.C.  One  may  com- 
pare e.g.  the  columns  of  the  temple  at  Cori  with  Doric  capitals,  slender  shafts  and 
bases  with  single  torus.  The  lower  thirds  of  their  shafts  are  not  fluted,  and  it  is 
worth  noticing  that  also  Fra  Giocondo  does  not  indicate  any  fluting  for  the  columns 
of  S.  Pietro  in  Vincoli. 
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one  rose  from  a  socle  of  unknown  height.  Including  the  fillet 
and  the  curve,  which  only  about  5  cm  higher  merged  into  the 
straight  part  of  the  shaft,  the  shafts  started  47  cm  and  32  cm, 
plus  the  unknown  height  of  the  socle,  respectively,  from  the 
original  level.  At  present  the  columns  show  no  trace  of  any 
curve  or  fillet  in  spite  of  the  fact  that  the  present  bases  cover 
onlv  the  lowest  27  cm  of  that  shaft.  This  means  that  the  col- 
umns  must  have  been  somewhat  longer  than  they  are  at  pres- 


FlG.  8.    S.  Pietro  in  Vincoli,  North  arcade,  fletail  of  first  arch. 


ent  and  that  the  original  level  of  the  nave  must  have  been 
considerably  lower  than  the  present  pavement.  Where  this 
original  level  was  situated  may  be  concluded  from  a  number  of 
other  observations.  First,  in  the  wall  of  the  main  apse,  there 
appears  a  setback,  as  frequently  occurred  in  Early  Christian 
basilicas,  at  the  level  of  the  pavement.  This  setback  lies  70  cm 
below  the  present  level  of  the  nave.  Second,  when  in  1876  ex- 
cavations were  undertaken  in  the  apse,  the  walls  of  the  buildings 
preceding  the  church  were  found  at  about  1  m  below  the  level  of 

««  Ficoroni,  op.  cit.,  p.  101. 
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the  ancient  chancel."'  Since  at  that  time  the  chancel  was  still 
raised  about  34  cm  above  the  nave,  the  level  of  these  ancient 
walls  would  correspond  to  a  level  of  65  to  70  cm  below  the  nave 

and  thus  approximately  to  the  level  of  the  setback  mentioned. 
One  has  to  imas^-ine  that  the  walls  were  razed  just  below  the  oriir- 
inal  level  of  tlie  chancel  when  its  pavement  was  laid  (Fig-  6). 

The  arches  of  the  arcade  are  old.  An  uncoverinir  of  their 
origfinal  structure  has  shown  that  they  consist  of  lonir  "roinaii" 
bricks  set  into  broad  mortarbeds,  the  technique  used  in  the  IV 
and  V  centuries.  Their  apexes  are  situated  about  8.02  m  above 
the  present  pavement  (Fig.  8). 

The  clerestory  above  the  arcade  was  originally  7.05  m  hisrh, 
before  it  was  heightened  in  the  XV  century  (Fig.  9).   In  the  N. 
clerestory,'"  above  each  of  the  arches  of  the  arcade,  are  traces 
of  a  window,  terminated  by  a  semicircular  arch."  Originally 
there  must  have  been  eleven  windows  in  each  clerestory.^* 
Both  the  width  of  the  windows  and  the  distances  between  them 
increase  from  the  east  to  the  west,  from  a  cumulative  distance 
of  3.15  m  (lO-n  R.  ft.)  to  one  of  3.39  m  (llVo  R.  ft.)  from  axis 
to  axis  of  the  windows.    In  height  all  the  windows  seem  to  be 
equal,  1.70  to  1.72  m  from  the  sill  to  the  springing  of  the  arch 
and  2.62  m  (9  R.  ft.)  up  to  the  apex.''    The  arches  of  the  win- 
dow's spring  from  a  snuill  setback  which  is  about  8  cm  deep. 
The  bricks  of  the  voussoirs  are  0.45  m  (I'l.  R.  ft.)  long  and  are 
irregularly  arranged,  rather  out  of  radius.    At  some  later  pe- 
riod some  of  the  windows    were  walled  up  with  a  masonry  of 
opus  mixtum.    Otherwise  the  clerestory  has  preserved  its  orig- 
inal aspect  and  its  original  brick  masonry.   Remnants  of  the 

•0  See  Tomasctti's  report  in:  G.  B.  De  Rossi,  BuUetino  di  Archcologia  Cristiana, 
Ser.  Ill,  anno  I,  1876,  p.  -73  ff. ;  aee  below,  n.  103. 

TO  Except  for  the  spaces  which  are  taken  up  by  the  ret  tangular  XVI  century 
windows  and  for  tlie  space  above  the  easternmost  bay  which  is  hidden  by  a  chapel 
on  tlie  top  floor  of  the  convent. 

»i  The  S.  clerestory  is  hidden  by  the  buildings  of  the  B.  Scuola  di  Ingegneria. 

72  They  are  from  1.77  m  to  1.83  m  wide,  except  for  the  westernmost  window 
whicli  is  2  m  wide,  'nie  distance  from  one  to  the  other  window  is:  1.38  m  between 
the  seventh  and  eighth,  1.43  ui  between  the  fourth  and  fifth  and  1.48  m  between 
the  first  and  second. 

73  Hiibsch,  op.  cit.,  erroneously  indicated  the  width  of  the  windows  as  1.95  m, 
tlK  it  distances  apart  as  1.15  m.  Rohault  de  Fleury  gave  them  as  1.85  m  and  1.83  m, 
respectively. 

7*  Unfortunately  we  were  not  allowed  to  uncover  systematically  more  than  the 
westernmost  window. 
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same  masonry  seem  to  be  preserved  also  in  the  top  part  of  the 
fagade  above  the  XVIII  century  ceiling. 

No  trace  is  preserved  of  the  original  entrances  to  the  basilica. 
At  present  there  exists  only  the  one  doorway  which  leads  from 


Fig.  9.    S.  Pietro  in  Viiu-oli,  North  dorestory,  first  window. 


the  portico  to  the  nave  and  which,  in  its  present  shape,  is  of  the 
XV  century."  From  the  two  XVI  century  plans  by  Antonio  da 
Sangallo,  the  Younger,  and  Giovanni  Antonio  Colonna,'"  we  know 
that  this  arrangement  of  only  one  door  goes  back  at  least  to 
that  period.    Whether,  before  the  XV  century,  three  doors  led 

See  above,  p.  366. 
"6  See  above,  p.  362. 
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into  the  nave,  analogous  to  the  contemporaneous  arrangement 
which  existed  at  S.  Lorenzo  in  Liicina  and  still  exists  at  S.  Maria 
Maggiore,  cannot  be  ascertained  at  present.  The  aisles,  at  any 
rate,  have  had  no  doors,  at  least  since  the  VII  century  as  from 
the  late  VII  century  until  1683,  when  it  was  removed  to  its 
present  place  in  the  middle  of  the  left  aisle,"  the  altar  of  St. 
Sehastian,  with  its  mosaic,  was  leaning  against  the  W.  wall  of 
the  N.  aisle."  Consequently  there  could  not  be  any  entrance  ! 
there.  Nothing  can  be  determined  about  the  existence  of  an 
atrium  in  front  of  the  church.  The  wide  plaza,  which  still  ex- 
tends there,  may  very  likely  have  replaced  such  an  atrium;  yet 
one  will  have  to  await  the  results  of  future  excavations  to  ascer- 
tain this  point. 

The  original  aspect  of  the  nave  can  thus  quite  definitely  be 
determined.  As  a  whole  it  does  not  depart  in  any  way  from  tlie 
iioi-mal  i)attern  of  an  Early  Christian  basilica  in  Home.  Much 
more  interesting  are  the  eastern  parts  of  the  editice,  the  transept 
and  the  chancel. 

The  triumphal  arch  which  leads  from  the  nave  into  the 
transept  rests  on  two  beautiful  porphyry  columns  with  old 
attic  bases.''  Their  Corinthian  capitals  seem  to  be  made  of 
stucco  and  belong  probably  to  the  XVIlI  century.**  The  arch 
itself  evidently  consists  of  two  voussoirs ;  a  break  between  them 
is  clearly  visible  in  older  photographs."  However,  it  is  unlikely 
that  the  lower  arch  was  added  later  and  that  originally  the  tri- 
umphal arch  was  hi^]le^  and  wider.    The  few  bricks  of  the  lower 

Tlie  removal  did  not  t:iko  jilaco  in  1577  as  M.  Aniiellini,  Le  Chiese  di  Roma, 
Rome,  1891,  p.  208,  assumed.  At  that  date  the  altar  was  merely  given  a  breve  by 
Gregory  XIII;  see  Forcella,  op.  ctt.,  IV,  p.  83. 

7s  Inscription  of  1683  formerly  at  the  altar,  see  Forcella,  op.  cit.,  XIII,  p.  425: 
**.  .  .  EEGULABES  DTI  MONASTERII  .  .  NUPER  EXPONI  FECERUNT// 
IP8I  ALTARE  PRIMO  DICTUM  QUOD  MURO  PRAEFATAE  EORUM  ECCLE- 
SIAE  PROPE  ILLIUS  .TAXUAM//  ADHEREBAT  ITA  UT  SACERDOTES  AD 
ILLUD  CELEBRANTES  HUMEROS  Al/FARI  MA.TORT  IPSIUS//  ECCLESIAE 
0BVERS08  HABERENT  INDE  IN  EIUSDEM  ECCLESIAE  NAVEM  SEU  ALAM 
LATEBALEM  A//  SINISTBO  INGREDIENTIUM  TBANSTDLEBUNT  IBIQUE 
DECENTIITS  COLLOCAVERUNT.  ..."  For  the  date  of  the  mosaic,  which  was 
possibly  donated  in  connection  with  a  pestilence  that  occurred  in  672  (not  in  680), 
see  G.  B.  Do  Rossi,  Musaici  Cristiani,  Rome,  1899,  PI.  XX,  and  J.  Wilpert,  Die 
Bomischen  Mosail-cn  .  .  .  ,  II,  Freiburg,  1915,  p.  1001  f.  J.  II.  Parker,  Archeology 
of  Fomr,  vol.  XI,  Chvrch  and  altar  decoration,  Oxford,  1876,  p.  41,  dated  the  mosaic 
erroneously  in  the  XII  century. 

T»  See  above,  p.  369. 

80  See  above,  p.  359. 

81  Alinari,  no.  6198. 
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arch,  which  are  visible  in  the  above  mentioned  photograph,  look 
very  much  as  though  they  were  Early  Christian  and  the  break 
mav  easily  have  occurred  between  the  two  voussoirs  of  the 
original  triumphal  arch.  The  upper  parts  of  the  upper  vous- 
soirs, which  are  visible  above  the  vaults  of  transept  and  nave, 
were  repaired  in  1876  as  shown  by  their  masonry.'*- 

The  masonry  of  the  transept,  in  those  of  its  walls  which  are 
orifj:iiial,  that  is,  in  the  whole  of  the  N.  win<;-,  in  the  center  ])art 
above  the  main  apse  and  above  the  triumphal  arch,  and  in  the 
S.  wall  of  the  S.  transept  (Pig.  1),  corresponds  almost  exactly  to 
that  of  the  clerestory  of  the  nave.  The  E.  wall  of  the  S.  tran- 
sept  has  been  completely  restored  with  the  tufa  masonry  which 
is  characteristic  of  all  the  XV  century  re])airs  of  the  structure. 
In  the  original  parts,  the  ratio  of  the  bricks  and  mortarbeds  is 
8  to  8  or  8  to  7  every  50  cm ;  the  height  of  the  bricks  varies  from 
3.2  to  3.9  cm  and  the  mortarbeds  are  from  2.4  to  3.4  cm  thick. 
There  is  not  the  slightest  doubt  that  the  upper  walls  of  the  N. 
transept  and  the  wall  of  the  N.  clerestory  are  bonded  to  each 
other  and  are  of  one  and  the  same  building  period  (Fig.  6)." 

The  transept  is  completely  irregular  in  plan  (Fig.  1).  Only 
its  W.  wall  forms  a  right  angle  with  the  axes  of  the  nave  and 
of  the  aisles.  The  S.  wall  diverges  slightly  towards  the  south, 
and  the  N.  wall  converges  markedly  in  the  same  direction.  The 
N.  wall  is  almost  2  m  lunger  than  the  S.  wall.  Thus  the  E.  wall, 
which  in  the  X.  wing  runs  parallel  to  the  VC.  wall,  has  to  slope 
down  in  order  to  meet  the  E.  end  of  the  S.  wall.  Although  the 
E.  wall  of  the  transe})t  has  been  considei-ably  restored,  its  main 
direction,  and  thus  the  shape  of  the  transept,  are  evident.  It 
was  rather  narrow  at  the  S.  end  and  wide  at  the  N.  end,  and 
while  its  S.  wall  projects  20  cm  beyond  the  lateral  wall  of  the 
S.  aisle,  the  X.  wall  projects  43  cm  beyond  the  X"^.  aisle.  While 
the  W.  wall  and  the  X^.  end  of  the  E.  wall  of  the  transept  con- 
form to  the  axial  system  of  the  nave,  both  the  S.  wall  and  the 
N.  wall  of  the  transept  follow  two  entirely  different  axial  net- 
works.   Also  the  thickness  of  the  walls  varies;  the  N.  wall  of 

See  above,  p.  357. 

s"-  I  am  sorry  to  liave  to  disagrcp  on  this  point  with  J.  P.  Kirsch,  wlio,  in  sev- 
eral articles,  ' '  Die  Entwicklung  des  Bautypus  der  altchriatlicben  romischeu  Busilika ' 
in:  Bdmi9ehe  Quartaltehrift,  43  (1935),  p.  1  ff.,  and  "Das  Querachifr  in  den  .  .  . 

Basiliken  .  .  in:  Pi.srictili ,  Studi^'n  .  .  .  F.  J.  DoU/cr  iUtr(jehracht,''MnnaieT,  1939, 
p.  148  ff.,  hns  maintained  that  the  transept  is  a  later  additiun.  E.  Weigand  in: 
Byzantinische  Zeitschrift,  39  (1939),  p.  569,  follows  Kirsch  in  this  nialter. 
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the  transept  is  only  0.58  m  thick,  while  all  the  other  walls  are 
0.78  m  thick. 

One  window  opened  in  the  upper  part  of  each  of  the  W.  and 
of  the  E.  walls  of  the  X.  transept  and  two  windows  in  its  X, 
wall  (Fig.  10).  All  are  larger  than  the  clerestory  windows.** 
Xo  traces  of  anv  windows  are  visible  in  the  walls  of  the  S.  tran- 

» 

sept  which  are  all  heavily  plastered.    In  the  lower  parts  of  the 


FlO.  10.    S.  Pietro  in  Vincoli,  Nortli  wall  of  transept. 


transe])t  only  one  trace  of  an  opening  is  visible,  an  arch,  the  top 
of  which  emerges  at  the  exterior  just  above  the  lean-to  roof 
over  the  X.  lateral  apse.  The  apex  of  its  extrados  (the  intrados 
is  not  visible)  is  situated  precisely  7.75  m  above  the  present 
level,  and  consequently  about  8.45  ni  above  the  original  level  of 
the  church  (Fig.  3).  The  arch  is  thus  far  too  high  for  a  door- 
way; it  can  havx'  covered  only  a  window.    Its  radius  would  have 

84  They  start  0.55  m  below  their  level  and  end  0.10  m  above  it.  Those  in  the  E. 
and  W.  walls  are  2.35  ni  wide  (8  R.  ft.),  2.20  m  high  (71^  R.  ft.)  up  to  the  spring- 
ing of  the  arch,  and  3.35  m  high  (almost  11^  R.  ft.)  up  to  its  apex.  Tlie  other 
ones  in  the  N.  wall  are  equally  high,  but  their  width  is  only  2.20  m  (71^  R.  ft.)  and 
2.30  ni  (almost  8  R.  ft.)  respectively,  the  eastern  one  being  somewhat  larger. 


Copyrighted  material 


S.  PIETRO  IX  VINCOLI  AND  TRIPARTITE  TRANSEPT  377 


corresponded  to  that  of  the  window  in  the  upper  section  of  the 
wall.  Nothing  can  be  said  about  the  existence  of  a  similar  ar- 
rangement in  the  S.  wing,  since  the  wall  there  is  of  the  XV 
century. 

Far  more  interesting  than  these  windows  are  some  other 
remnants  which  are  preserved  in  the  interior  of  the  transept 
above  the  XV  century  vaults.  There  is  a  wide  arch  which  spans 
the  width  of  the  transept  between  its  center  bay  and  its  S.  wing 
(Figs.  6,  11).    Three  window-like  openings  are  arranged  in  a 


Fig.  11.    S.  Pietro  in  Vincoli,  transept  above  vaults,  view  from  Nortli. 

wall  which  is  supported  by  this  arch.^"^  The  arch,  as  well  as  the 
wall  above,  is  painted  in  a  XIV  or  early  XV  century  pattern. 
The  voussoirs  of  the  arch  consist  of  well-hewn  travertine  blocks; 
the  masonry  of  the  wall  is  brickwork,  with  10  bricks  and  9  to 
10  mortarbeds  every  50  cm.^*  It  was  heightened  and  its  open- 
ings were  closed  with  rubble  masonry  and  with  late  brickwork 
only  when,  simultaneously  with  the  erection  of  the  vaults,  the 

85  The  small  rectangular  door  at  the  left  was  evidently  cut  into  this  wall  when 
the  XV  century  vaults  were  erected  over  the  transept. 

so  The  brick  masonry  shown  on  the  photograph  is  painted.  The  genuine  brick- 
work of  the  wall  shows  at  the  left,  at  the  right  jamb  of  the  rectangular  door. 
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present  roof  was  constructed.  The  arch  proper  is  certainly  a 
late  Medieval  construction.  It  is  an  addition  to  the  original  edi- 
fice, evidently  erected  to  support  the  contemporaneous  Campa- 
nile which  rose  from  this  transept  wing.'*  But  the  arch  is  not 
entirely  Medieval ;  at  the  right  and  left  ends  it  rests  on  tw^o  piers 
which  protrude  from  the  W.  and  E.  walls,  respectively,  of  the 
transept.  Two  corresponding  piers  protrude  from  the  walls 
of  the  transept  between  the  N.  wing  and  its  center  bay.  They 


FiO.  12.  S.  Pictro  in  Vincoli,  transept  above  vaults,  West  wall,  pier  between 
North  wing  and  center  bay. 


are  well  preserved  above  the  XV  century  vaults  (Fig.  12)  and, 
except  for  the  topmost  bricks,  they  are  still  as  high  as  the  top 
of  the  original  transept  walls.  Their  lower  parts  must  be  con- 
tained within  the  present  crossing  piers  and  within  the  piers  be- 
tween the  main  apse  and  lateral  apses.  Above  the  XV  century 
vaults  these  pilasters  are  each  0.80  m  wide,  but  they  differ  in 
depth.  The  pier  to  the  northwest  protrudes  62  cm  from  the 
W.  wall  of  the  transept,  the  one  to  the  southwest,  45  cm;  the 
pier  to  the  southeast  protrudes  88  cm  from  the  E.  wall.  No 
exact  measurements  can  be  given  for  the  pier  to  the  northeast, 

87  See  above,  n.  37. 
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ftiiice  all  but  the  very  bricks  next  to  the  wall  have  been  demol- 
ished. Yet  the  pier  could  not  have  ]ii-otruded  more  than  1.00  ra 
since  it  could  not  have  been  larger  than  the  pier  in  the  transept 
below,  between  the  N  apse  and  the  main  apse,  within  which  its 
lower  part  must  still  be  contained.  All  these  piers  have  exactly 
the  same  masonry  as  the  brick  walls  of  the  transept,  and  all  of 
them  are  bonded  to  these.walls  except,  of  course,  for  the  pier  to 
the  southeast  behind  which  there  is  no  longer  any  original  brick 
wall,  but,  as  was  stated  before,  a  tufa  masonry  of  the  XV  cen- 
tury.**  By  comparing  the  shape  of  the  piers  found  above  the 
vault  with  the  present  crossing  piers,  it  results  that  the  original 
piers  between  nave  and  transept  must  have  been  cross-shaped. 
Tet  it  is  important  to  note  that  the  piers  in  the  transept  do  not 
continue  the  direction  of  the  clerestorey  walls  of  the  nave. 
They  stand  a  little  further  outside  so  that  the  distance  from  the 
X.  pier  to  the  S.  pier  is  (iO  cm  (2  K.  ft.)  longer  than  the  inner 
width  of  the  nave.  Thus  it  appears  that  these  piers  can  hardly 
have  had  the  structui'al  i)ur])ose  of  abutting  the  walls  of  the 
nave.  Of  course,  thev  mav  have  carried  two  of  tlie  ci-oss  beams 
of  the  transept,  but  certainly  such  piers  would  hardly  be  needed 
for  supporting  the  beams  which,  throughout  the  edifice,  are 
carried  by  the  walls  themselves.  On  the  other  hand,  it  is  nmui- 
fest  that  they  definitely  subdivided  the  transept  into  three  bays, 
one  in  the  center  and  one  in  each  of  the  two  wings. 

It  would  seem,  however,  that  this  arrangement  of  piers, 
which  run  straight  up  to  the  top  of  the  walls  and  end  there  with- 
out any  structural  purpose,  was  not  what  was  originally  in- 
tended. The  southeast  pier  shows,  0.70  m  below  its  top  and 
14.80  m  above  the  present  level  of  the  church,  15.50  m  above 
the  original  level,  four  bricks  which  clearly  form  the  beginning 
of  an  arch  (Pigs.  6,  13).  Even  the  setback,  which  generally 
marks  the  springing  of  an  arch  in  Roman  and  Early  Christian 
structures,  is  clearly  visible.  Evidently  the  arch  was  never 
completed  and  the  plan  to  build  it  was  abandoned  in  favor  of 
the  present  arrangement  with  straight  piers.  Neither  the 
southwest  pier  nor  the  two  piers  to  the  north  show  any  signs 
of  similar  arches,  and  at  the  southeast  pier  itself  the  piei-  was 
continued  above  these  four  l)ricks  with  sti'aight  masonry.  Yet 
there  can  be  no  doubt  that  these  bricks  indicate  the  beginning 

ss  See  above,  p.  375. 
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of  a  voussoir  which  is  bonding;  into  the  original  masonry.  Thus 
they  testify  to  the  existence  of  an  earlier  project  which  would 
have  subdivided  the  transept  more  elTectively  than  was  later 
done  by  the  plain  projecting  piers. 

Two  main  solutions  are  possible  in  reconstructing  the  earlier 
project  to  subdivide  the  transept.  There  is  first  the  possibility 
that  one  large  arch  spanned  the  transept  on  either  side  from 
east  to  west.    Since  the  distance  between  the  southwest  and  the 


Fig.  13.  S.  Pietro  in  Virn-oli,  transept  above  vaults,  springing  of  uroli  between 
Soutli  wing  and  center  bay. 


southeast  piers  is  8.62  m,  the  radius  of  such  an  arch  would  have 
been  4.31  m.  If  the  length  of  the  bricks  of  the  arch  with  0.45  m 
is  added,  the  top  of  the  extrados  of  such  an  arch  would  reach 
a  height  of  about  19.55  m  from  the  present  level.*"  The  wall 
above  it,  even  if  assumed  to  be  not  more  than  30  cm  high,  would 
reach  a  level  of  about  19.85  m  from  the  present  pavement  and 
and  20.55,  from  the  original.  The  height  of  a  corresponding 
arch  to  the  north  cannot  be  determined  exactly,  since  the  length 
to  which  the  northeast  pier  protruded  and  thus  the  exact  dis- 

88  14.80  m  (springing  of  arcii)  plus  4.31  m  (radius)  plus  0.45  m  (voussoir)  = 
19.5G  ni. 
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tance  between  the  northeast  and  northwest  piers  are  unknown. 
Yet  since  the  northeast  pier  could  not  have  protruded  beyond  the 
depth  of  the  XV  century  pier  below,  within  which  the  original 
pier  must  be  contained,  the  distance  was  at  least  9.87  m  and  the 
radius  4.93  m.  Consequently  the  level  reached  would  be  about 
20.50  m ;  figuriug  from  the  original  level  of  the  church,  the 
heiofht  reached  would  be  about  21.20  m.^'  That  would  mean  that 
the  walls  of  the  transept  which,  before  the  XV  ceiitui-y,  were 
15.25  m  high,"^  would  have  required  an  additional  height  of  .")  m 
to  conform  to  this  project.  This  in  itself  is  not  very  likely. 
Moreover,  in  Roman  and  Early  Christian  architecture,  the  vous- 
soir  of  an  arch  of  such  considerable  strenuth  would  alwavs  be 
composed  of  two  or  three  rows,  not  of  one  single  row  of  bricks, 
as  is  proved  by  the  trium})lial  arch  in  any  Early  Christian  basil- 
ica. And,  last  but  not  least,  the  few  bricks  that  are  preserved 
are  laid  out  so  as  to  indicate  clearly  an  arch  of  considerably  less 
radius.  In  other  words,  it  seems  certain  that  the  first  project 
did  not  require  one  arch  but  a  series  of  arches  between  the  cen- 
ter bay  and  the  wings  of  the  transept.  Of  course,  such  a  series 
of  arches  would  not  have  rested  on  free  standing  piers  which 
would  have  to  have  been  15.50  m  high  and,  therefore,  much  too 
tall  for  free  standing  supports.  They  could  only  have  been 
openings  in  the  upper  part  of  a  wall  which  separated  the  center 
bay  of  the  transept  from  the  wings ;  the  lower  part  of  such  a  wall 
would  have  rested  on  an  arcade  consisting  of  a  number  of  arches' 
(Fig.  14,  top). 

The  number  of  these  upper  openings  can  be  tentatively  de- 
termined from  the  inclination  of  the  bricks  preserved  from  the 

projected  arch.  Of  course,  such  a  calculation  which  can  be 
based  onlv  on  such  a  small  remnant  cannot  be  entirelv  accurate. 

«  • 

Yet  it  seems  clear  that  tlie  f(»nrth  lirick,  which  starts  ,34.2  cm 
above  the  springing  of  the  arch,  has  an  inclination  of  12V-;  de- 
grees; the  third  one,  16.6  cm  al)o\  ('  the  s})ringing,  has  one  of  9]'2 
degrees.  Both  these  angles  would  h-ad  to  the  assum})tion  that 
the  arch  was  planned  to  have  a  radius  of  about  1.15  m,"'  that  is, 
a  diameter  of  2.30  m.    Since  the  voussoirs  ^ire  each  45  cm  long, 

•0 14.80  m  (springing  of  arch)  plus  4.93  m  (radius)  plus  0.45  m  (voussoir)  plus 
about  0.30  m  ( top  of  wall  above  voussoir)  =  20.48  m. 

»^  See  above,  p.  371. 
9^  See  above,  p.  364. 

03  The  exact  radius  seems  to  have  been  1.17  m. 
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each  arch  with  its  voussoirs  would  span  3.20  m  (11  B.  ft.)* 
Since,  on  the  other  hand,  the  distance  between  the  extrados  of 
the  two  arches  east  and  west  on  the  S.  side  is  9.52  m,'^  .three 
arches,  of  approximately  3.20  m  each,  should  have  opened  in  the 
upper  part  of  the  wall  which  separated  the  center  bay  from  the 
S.  bay  of  the  transept.  Consequently,  one  will  have  to  assume 
that  likewise  three  arches  would  have  formed  the  arcade  which 
supported  this  wall  in  the  lower  part  of  the  transept.  The 
arches  in  the  correspondiiijj:  wall  to  the  north  would  have  been 
somewhat  wider,  the  mininmm  distance  between  the  sustaining 
piers  east  and  west  being;  9.87  ni  and  conseiiuently  10.77  m  from 
the  extrados  of  the  E.  arch  to  the  W.  arch.  Each  arch,  includ- 
inir  its  voussoirs,  would  span  3.56  ni  (12  R.  ft.).  The  same 
width  would  apply  to  the  arches  in  the  lower  arcade,  measured 
from  axis  to  axis  of  their  supports.  What  these  supports  would 
have  been  like  cannot  be  determined ;  they  may  have  been  either 
piers  or  columns.  Indeed,  the  abaci  of  the  columns  in  the  nave 
are  precisely  1.02  m  long,  and,  if  similar  columns  had  been  in- 
tended for  use  in  the  transept,  they  would  have  been  large 
enough  to  support  two  voussoirs  of  0.45  m  each. 

Such  an  arrangement  of  three  arches  in  the  upper  part  of  the 
walls  between  the  wings  and  the  center  bay  of  the  transept  would 
necessarily  lead  to  the  assumption  that,  in  this  first  project,  the 
outer  walls  of  the  transept  were  higher  than  they  are  now.  But 
they  need  not  have  been  much  higher,  not  more  than  1.45  m, 
so  that  from  the  present  level  of  the  pavement  they  would  have 
reached  a  height  of  about  16.90  m.*°  The  distance  from  the  orig- 
inal level,  which  was  70  cm  lower,  would  make  these  walls  exactly 
17.60  m  h'vrh  (60  K.  ft.)  (Fi,<,^  14,  top,  dotted  line). 

As  a  matter  of  fact  it  seems  as  if  traces  of  sucli  a  liinlier  tran- 
sept are  still  preserved  in  the  i-emnants  of  a  wall  which  a])iK^ar 
to  the  right  above  the  main  apse  and  which  seem  to  indicate  that 
originally  a  hijj:her  apse  either  existed  or  was  planned.  But  in 
ordei-  to  clarify  this  point,  the  apses  as  a  whole  have  to  be  in- 
vestigated (Fig.  3). 

That  the  lateral  apses  were  added  to  the  original  building  in 
the  XV  century  has  been  discussed  before,  and  it  has  likewise 
been  stated  that,  at  least  in  the  S.  apse,  the  foundation  walls 

8.fi2  ni  (distance  between  piers)  plus  0.90  m  (two  voussoirs  at  0.45  m.  oacli)- 
^>  14.80  m  (springing  of  arch)  plus  1.78  m  (radius  and  voussoir)  plus  0.30  m 
(wall  top). 
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aro  of  the  XV  century.  Nor  could  there  have  been  any  earlier 
lateral  apse  in  place  of  the  N.  apse,  for  the  arch  above  this 
lateral  apse  to  the  north  indicates  that  there  was  in  the  original 
building  a  window  in  this  place,  and  the  existence  of  such  a  win- 
dow precludes,  of  course,  the  simultaneous  existence  of  an  apse 
at  the  same  point.**  There  were  definitely  no  lateral  apses  in 
the  original  edifice.  The  main  apse  contains  many  parts  which 
belong  to  the  original  structure,  but  it  does  not  by  any  means 
belong  to  it  in  its  entirety.  It  has  been  frequently  restored 
from  the  XV  century  on,"  but  quite  aside  from  these  later  resto- 
rations, different  buildin.i»-  periods  manifest  themselves  quite 
clearly  (Fig.  6).  The  top  of  the  wall  to  about  1.50  m  below  the 
cornice  show^s  characteristic  Hi,L>h  Medieval  features.  The 
cornice  has  a  frieze  of  modillions  set  between  two  dentil  friezes: 
the  small  window  to  the  right  is  covered  with  a  segmental  arch; 
the  masonry  has  a  ratio  of  9  bricks  to  8  moi-tarh(^ds,  and  the 
mortar  is  quite  smooth  and  smeared  over  the  edges  of  the  bricks. 
All  this  points  to  a  date  in  the  XII  or  XIII  centuries.  One  may 
compare  the  cornice  with  that  of  S.  Stefano  del  Cacco  in  Rome, 
the  masonry  with  that  of  S.  Salvatore  in  Onda  which  were  con- 
structed in  the  XII  century.  Below  this  masonry  there  appears 
another  which  extends  down  to  an  irregular  line  corresponding 
sometimes  approximately  to  the  level  of  the  architraves  of  the 
rectangular  XVI  century  windows,  while  in  some  places  it  ex- 
tends farther  down  to  about  half  their  height.  Like  the  upper 
masonry,  it  consists  of  small  bricks  of  different  colors,  from  a 
brownish  red  to  a  light  yellow,  and  while  it  is  certainly  earlier 
than  the  masonry  on  top  of  it,  it  is  nevertheless  not  much  earlier. 
It  mav  date  from  the  XI  or  the  earlv  XII  centurv.  In  this  zone 
traces  of  a  number  of  small  windows  are  preserved,  a  first  one 
at  the  extreme  right  which  had  to  be  walled  up  when  the  XV 
century  win<low  was  built  next  to  it;  one  .just  above  the  strong 
buttress  in  the  center  of  the  a])se;  a  third  one  to  the  right  of  the 
rectangular  XVI  century  window  on  the  S.  side  of  the  apse;  and 
a  fourth  one  to  the  left  of  this  window.  One  would  suppose 
that  originally  a  fifth  window  existed  just  above  the  rectangular 
window  to  the  north,  where  there  is  tiow  a  large  section  of  XIX 
century  masonry.   All  these  small  windows  are  covered  with 

»•  Bee  above,  p,  376. 

"7  8oc  above,  p.  357  f . 
u8  See  above,  p.  363. 
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semicircular  arches  which  spring?  from  the  jambs  without  any 
traces  of  setbacks.  The  bricks  of  their  voussoirs  are  22  cm 
long,  their  openings  are  approximately  60  cm  wide,  and,  includ- 
ing^ their  arches,  about  1.15  m  high.  Similar  windows  are  fre- 
quently found  in  the  early  XII  century,  for  example,  in  the 
Upper  Church  of  S.  Clemente  of  about  1128  and  at  S.  Stefano 
Botondo  where  they  belong  to  the  restorations  of  1130-43. 

"While  both  these  upper  masonries  are  certainly  Medieval, 
another  very  different  one  stretches  below  them  down  to  about 
the  level  of  the  sills  of  the  XVI  century  rectangular  windows 
(zone  II).  Wherever  one  of  the  small  Romanesque  windows 
had  been  arranged,  this  masonry  was  broken  out;  the  jajir.ij:ed 
outlines  in  the  bi'ick  iiiasoiirv  clearly  mark  these  repairs.  The 
bricks  used  in  this  zone  are  an-anj^ed  in  far  more  regular  layers 
than  in  the  Medieval  parts  of  the  apse,  with  only  a  very  few  yel- 
low bricks  interspersed  among  the  red  ones.  8  bricks  and  7 
mortarbeds  alternate  everv  ;")()  cm;  the  bricks  are  from  3.7  cm 
to  4.0  cm  high,  the  mortarbeds  from  2.2  cm  to  2.9  cm  thick.  It 
is  a  iiiasonrv  verv  similar,  though  possibly  somewhat  latei"  than 
that  of  the  transept.  The  same  brickwork  was  used  to  repair  a 
large  squai-e  ljuttress  at  the  N.  corner  of  the  apse. 

Yet  just  this  repair  of  the  buttress  shows  that  not  even  this 
masonry  is  the  one  which  forms  the  original  parts  of  the  apse. 
The  top,  as  well  as  the  bottom  part  of  the  buttress,  shows  a 
brickwork  which,  though  similar,  is  even  more  regular  than  the 
one  used  in  zone  II.  There  prevails  in  it  a  ratio  of  8  or  lY* 
bricks  and  7%  and  7  mortarbeds  every  50  cm ;  the  bricks  average 
from  3.0  to  3.8  cm,  the  mortarbeds  from  2.1  to  3.5  cm.  The  lower 
part  of  the  buttress  is  bonded  to  a  narrow  vertical  strip  of  the 
same  masonry,  which  runs  along  the  N.  corner  of  the  apse  and  to 
a  large  zone  of  brickwork  of  the  same  type  around  the  foot  of  the 
apse.  These  are  the  only  remnants  of  the  original  masonry  of  the 
apse  proper  and  they  are  done  in  a  brickwork  which  seems  to  be 
identical  with  that  of  the  transept.  There  are  no  traces  of  win- 
dows preserved,  neither  in  this  oi  iginal  zone  of  the  apse  nor  in 
the  zone  which  was  subseijuently  erected  on  toj)  of  it. 

This  same  original  masonry  continues  above  the  top  of  the 
buttress  as  a  broad  ])rojecting  mass  which  was  cut  through  at 
some  time.  It  is  about  2.00  m  wide  and  at  its  right  falls  exactly 
in  line  with  the  N.  flank  of  the  tall  buttress  at  the  corner  of  the 
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apse,  while  at  its  left  it  corresponds  precisely  to  the  inner  wall 
of  the  apse.  It  reaches  a  level  which  ahnost  corresponds  to  the 
level  reached  by  the  four  protruding  pilasters  inside  the  tran- 
sept, and  clearly  bonds  with  the  wall  of  the  N.  transept  on  either 
side  (Figs.  3,  6). 

This  projecting  mass  of  masonry  can  hardly  be  anything  but 
the  remnants  of  an  apse  wall  and  of  a  buttress  which  were  in- 
tended to  be  1.50  m  higher  than  the  present  one.  Such  an  apse 
may  never  have  been  completed,  but  it  certainly  existed  as  a 
project.  If  it  is  recalled  that  in  the  transept  also,  traces  of  a 
first  unexecuted  project  are  preserved  in  which  the  wings  were 
separated  from  the  center  bay  by  walls  with  arcades  and  with 
openings  in  the  upper  part,  and  that  also  this  project  would  have 
required  transe})t  walls  about  1.50  m  higher  than  the  ones  exe- 
cuted, it  becomes  very  likely  that  this  first  plan  for  the  transept 
and  the  first  plan  of  the  apse  belong  to  one  and  the  same  project. 

This  first  plan  was  evidently  given  up  at  a  very  early  period 
for  reasons  unknown.  Possibly  the  main  part  of  the  apse  and 
part  of  the  corner  butti-ess  collapsed  and  were  repaired  with  the 
masonry  of  zone  II,  since  this  cannot  be  dated  much  later  than 
the  original  masonry.  Sinmltaneously  both  apse  and  transept 
may  have  been  lowered.  In  the  interior  the  first  project,  with 
arcades  and  upper  openings  between  the  center  bay  and  the 
wings  of  the  transept,  was  given  up  in  favor  of  a  second  solu- 
tion which  retained  only  four  piers  at  the  corners  of  the  center 
bay  (Fig.  14,  bottom).  Whether  in  this  second  phase  an  arcade 
was  still  arranged  or  planned  between  the  lower  parts  of  these 
piers  cannot  be  determined,  but  it  is  possible.  In  the  upper 
parts  of  the  transept,  at  any  rate,  the  idea  of  a  division  of  the 
transept  by  means  of  walls  was  discarded.  Simultaneously  with 
this  change  in  plan,  the  whole  transept  was  completed  and  the 
clerestorev  walls  of  the  nave  mav  have  been  begun.  It  would 
seem,  ;is  a  matter  of  fact,  as  if  the  building  of  the  whole  church 
had  proceeded  from  east  to  west ;  the  fact  that  the  width  of  the 
windows  in  the  nave  and  their  distances  apart  continuously  in- 
crease fiom  the  transept  towards  the  fagade  seems  likewise  to 
point  to  such  a  process. 

To  sum  up :  The  aspect  of  the  edifice  in  this  second  plan  was 
preserved  up  to  the  XV  century  with  only  slight  changes.  The 
nave  was  bounded  by  eleven  arcades  resting  on  Doric  columns, 
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set,  in  all  likelihood,  on  bases.  The  level  of  the  nave,  as  indeed 
of  the  whole  church,  was  about  70  cm  lower  than  the  present 
one.  The  clerestory  of  the  nave  was  lighted  by  eleven  win- 
dows, one  over  each  arch.  The  nave  was  covered  by  either  an 
open  timber  roof  or  by  a  flat  ceiling.  The  aisles  had  also  either 
open  timber  roofs  or  flat  ceilings;  whether  their  walls  had  any 
windows  cannot  be  ascertained,  although  the  analogy  with  other 
churches  of  the  period  makes  it  most  unlikely.  Whether  an 
atrium  existed  in  front  of  the  Ijasilica  cannot  he  determined 
either,  although  the  existence  of  the  large  i)hiza  in  front  of  the 
present  building  might  support  such  an  h}  })()thesis.  While  the 
entrance  wall  of  the  church  had  no  doors  leading  into  the  aisles, 
either  one  or  three  doors  led  into  the  nave.  The  transept,  while 
orthogonal  to  the  axis  of  the  nave  in  its  western  parts,  changes 
its  angle  in  its  eastern  part.  It  is  clearly  bonded  to  the  nave 
and  aisles.  Its  center  part  was  separated  from  the  wings  by 
four  projecting  piers  which  still  reflected  an  earlier  project  in 
which  wings  and  center  bay  would  have  been  separated  by 
arcades  and  upper  walls.  The  existence  of  these  projecting 
pilasters  in  the  transept  makes  it  clear  that  the  piers  between 
the  nave  and  transept  were  always  cross-shaped.  The  center 
bay  of  the  transept  was  about  60  cm  wider  than  the  nave.  The 
transept  wings  were  lighted  by  a  number  of  windows,  one  over 
the  roof  of  the  aisle,  two  in  the  N.  wall,  and  two,  one  above  the 
other,  in  the  E.  wall  of  the  N.  wing.  The  arrangement  of  win- 
dows in  the  S.  wing  can  only  be  assumed  to  have  been  identical. 
There  existed  no  lateral  apses;  only  one  main  apse,  possibly 
without  windows,  opened  from  the  main  part  of  the  transept. 
It  was  flanked  at  its  N.  corner  by  a  strong  buttress;  a  similar 
buttress  may  have  existed  in  the  S.  corner  (Fig.  14). 

ni 

The  manifest  disaccord  between  the  axes  of  nave  and  transept 
of  S.  Pietro  in  Vincoli  may  possibly  have  l)een  influenced  by  the 
existence  of  earlier  edifices  on  the  site  of  the  present  church. 
Indeed,  remnants  of  a  number  of  earlier  structures  have  been 
found,  partly  within  the  walls  of  the  apse  where  they  are  still 
visible,  partly  below  the  pavement  of  the  apse  and  below  the 
center  part  of  the  transept.  These  latter  were  uncovered  when 
the  new  confessio  was  erected  in  1876-77;  they  are  no  longer 
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visible  and  the  descriptions  which  are  preserved  of  them  are  ex- 
ceedingly poor.  De  Rossi,"  who  at  the  time  was  absent  from 
Rome  and  thus  did  not  see  the  excavations,  was  able  to  quote 
only  two  short  reports.  The  first,  made  by  Father  Tongiorgi, 
describes  the  finding  of  a  IV  century  sarcophagus  which  con- 
tained the  relics  of  the  seven  Maccabeans.""  The  sarcophagus 
was  found  placed  lengthwise  below  the  predella  and  the  first 
steps  of  the  ancient  altar;  its  interior  had  been  adapted  for 
the  relics  by  subdividing  it  by  marble  slabs  into  seven  small 
compartments.  Two  lead  ta])lets  with  inscriptions  referring  to 
the  relics  were  found,  one  in  and  one  near  the  sarcophagus."* 
The  second  report  used  and  published  by  I)e  Kossi  was  made  by 
Tomassetti.  He  mentions  onlv  verv  brieflv  that  '*at  a  distance 
of  about  3  m  from  the  wall  of  the  present  apse  a  fine  semicircu- 
lar wall  and  a  straight  wall  of  eiiual  structure  were  found.*'  He 
likewise  mentions  remnants  of  what  "possibly  was  a  hypocaust 
one  meter  below  the  level  of  the  ancient  chancel".'"^  De  Bossi 
announced  he  would  make  a  more  thorough  report,  but  he  never 
fulfilled  his  promise  and  unfortunately  also  the  Notizie  degU 
Scavi"*  refers  only  to  De  Rossi's  scanty  notes.  Only  Lefort, 
in  one  of  his  archeological  letters,"**  added  a  few  observations 
made  by  his  correspondent  who  was  on  the  site.  The  sarcopha- 
gus leaned  against  a  brick  wall  which  supported  one  of  the  sides 
of  the  altar,  and  some  of  the  bricks  of  this  wall  bore  a  round 
stamp,  0.015  m  in  diameter. Lefort  *s  correspondent  read  it 
as  **opus  DOL.EX.  FIG  linis  PontlCULAnis  DomIN  Nostri" 

G.  B.  De  Bossi,  "Scoperta  d'un  sareofago  i-ollc  reliquie  dei  Maccabei"  in: 
BvUettino  di  Areheologia  Cristiana,  ser.  Ill,  anno  I  (1876),  p.  73  ff.  (quoted  as 
'*B.  A.  C,  1876"). 

"J"  It  is  now  preserved  in  tlic  cnnfcssio  below  the  modern  High  Altar. 

B.  A.  C,  1876,  p.  73  ff.:  "II  sareofago  era  coUocato  trasversalmeute  sotto  la 
predella  e  i  gradini  dell '  altare  isolato  di  modo  che  con  una  delle  estremit^  toceava  la 
base  della  mensa  e  con  I'altra  terminava  sotto  1 'ultimo  gradino.  .  . ". 

While  neither  De  Rossi  nor  Tongiorgi  attempted  to  date  these  inscriptions, 
O.  Marrucchi,  Elements  d' Areheologie  Chritienne,  111,  Borne,  1902,  p.  318,  attributed 
them  to  the  X  or  perhaps  even  the  IX  century. 

7?.  A.  €.,  187G,  J).  73  ff.  "Si  vede  pero  un  bel  muro  semicireolare  tre  metri 
circa  diatante  da  quello  dell'  abside  odierna  e  un  mum  rettilineo  di  ecjuale  eostruzione 
e  residui  d'un  antico  forne  ipocausto  un  metro  sotto  il  livello  dell'  antieo  presbiterio. " 

lotMonumenti  Antichi  .  ,  .  dell*  Academia  dei  lAncei,  Notizie  degli  Scavi,  1876, 
p.  ].'<8. 

100  lievue  Archeologique,  uouv.  sOr.  XXXII  (187G),  p.  212  f. 

106  Ibidem:  **.  .  .  le  sarcopliage  joignait  un  mur  tris  ancien  qui  supportait  I'une 
des  facades  de  1  'autel.  .  .  .  En  deblayant  la  erete  du  mur  antique  on  a  arrache  deux 
on  trois  vieilles  briques  ])()rtrint  1 'emi)reinte  d'un  feu  violent  et  des  timbres  imprimes 
sur  elles.  .  .  .  J  'eu  ai  deehitfre  un  .  .  .  le  timbre  est  iuedit.  .  . 
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and  dated  it  in  the  period  of  Faustina  and  Marcus  Aurelius 
which  would  correspond  to  the  years  161-175.  This  date  is  cer- 
tainly somewhat  early;  the  stamp  must  be  dated  late  II  or  early 
III  ceMtury.'"'  Marucchi,  who  may  have  seen  the  excavation 
when  a  youn,<>-  man,  adds  one  more  detail :  the  small  apse  which 
was  found  showed  remnants  of  a  painted  decoration  "similar  to 
that  of  S.  Saba".'"' 

Neither  of  these  reports  is  very  helpful  in  reconstructing  the 
aspect  of  the  structure  found,  and,  as  a  matter  of  fact,  the 
stran.2:est  possible  conclusions  have  been  drawn  from  them.  It 
is  generally  assumed  that  the  excavated  walls  had  belonged  to 
an  earlier  church  with  its  entrance  on  the  side  opposite  the  pres- 
ent one.  Marucchi  enlarged  this  statement  bv  tentativelv  dat- 
ing-  this  earlier  church"  into  the  IV  century/""  and  Lanciani, 
in  his  Forma  Urbis,  even  drew  a  small  chapel  with  its  apse  to  the 
west  and  its  entrance  to  the  east  right  under  the  apse  of  the 
present  church.""  It  is  very  strange  that  Lanciani  should  have 
made  this  mistake,  for  among  his  own  papers  there  was  an  ex- 
act drawing  of  these  excavations  which  I  was  fortunate  enough 
to  discover  two  years  ago/"  This  drawing  (Fig.  1)  carefully 
marks  all  the  walls  found  under  the  pavement.  While  the  stratig- 
raphy of  the  whole  remains  unclear,  it  becomes  obvious  that 
not  one  apse,  but  at  least  three,  were  found  and  not  one  straight 
wall,  but  several  of  them.  The  whole  arrangement  is  very  dif- 
ferent from  what  one  would  expect  from  reading  the  reports  of 
1876,  and  certainly  none  of  the  structures  found  belongs  in  any 
way  to  any  kind  of  ecclesiastical  edifice. 

At  first  glance  it  seems  almost  impossible  to  differentiate  the 
different  structures  in  the  drawing.    Gradually  one  realizes  that 

107  C  /.  L.,  XV,  1,  no  405,  "Rep.  a.  1S7<;  sub  altari  ecelesiae  s.  Petri  in  vin- 
cnlis  .  .  .  aetatis  Severianae. "  The  reading  is  here  corrected  into  "DOMIN. 
NOSTBORUM". 

108  Marucchi,  op.  cit.,  p.  315. 

109  Ibidem,  p.  31.". 

110  Lanciani,  op.  cit.,  PI.  22,  23. 

111  The  drawing  is  preserved  in  the  R.  Tstituto  di  Storia  dell 'Arte  c  di  Archeo- 
logia.  Palazzo  Venezia,  Rome,  Lascito  Lanciani,  XXXIX,  Vol.  I,  f.  49,  no.  30930. 
The  drawings,  no.s.  30924  and  30923  (ibidem,  f.  46  and  47),  !iro,  the  first  one  n  section, 
the  second  one  an  elevation  of  the  new  confessio  of  S.  Pietro  in  Vincoli.  The  draw- 
ings were  evidently  done  by  Connt  Veapignani,  who  was  the  architect  of  the  new  con- 
fessio; his  drawing  style,  as  well  as  his  lian<lwriting,  is  quite  unmistakable.  I  am 
very  much  iiulchtf*!  to  the  directors  of  the  Institute  for  giving  mo  access  to  these 
drawings.  The  drawing  no.  30930  is  incorporated  into  our  plan,  Pig.  1.  We  have 
added  only  the  hatching  and  the  letters  marking  the  different  walls. 
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there  are  evidently  three  different  systems  to  be  distinguished 
which  were  snperimposed  at  different  times.  First,  there  is  a 
strong  straiorht  wall,  A  1,  about  0.95  m  thick,  which  runs  in  a 

slightly  ohlifjuo  direction  across  the  apse.  It  evidently  forms 
one  of  the  main  walls  of  the  first  system  and  certainly  continued 
north  and  south  bevond  the  small  area  excavated  and,  in  all 
likelihood,  beyond  the  apse.  It  is  this  wall  against  which  the 
sarcophagus  of  the  seven  Maccabeans  was  leaning  (it  is  clearly 
marked  on  the  drawing)  and  which  consequently  contained  the 
brick  with  the  Severian  stamp.  Two  travertine  blocks  were 
set  on  top  of  this  wall  at  a  distance  of  3.60  m  from  each  other. 
Strangely  enough,  their  faces  seem  to  be  set  at  a  right  angle  to 
the  wall  on  which  they  stand.  A  curvilinear  wall,  A  2,  only  0.50 
m  thick,  forms  the  beginning  of  a  flat  segment  shaped  apse 
which  was  evidently  protruding  from  this  wall  towards  the 
southeast.  On  exactly  the  same  axial  system  with  these  two 
walls  lies  a  weaker  wall  to  the  south,  A  3,  which  projects  in  the 
direction  of  the  nave.  Two  other  walls,  A  4  and  A  5,  2.75  m  west 
of  the  main  wall,  A  1,  stand  at  a  right  angle  to  A  3  and  parallel 
to  A  1 ;  3.65  m  northwest  of  A  1  are  marked  two  other  walls,  A  6 
and  A  7.  AVhile  only  these  walls  are  marked  on  the  drawinir, 
one  more  wall  of  the  same  network,  A  8,  is  still  visible  enclosed 
in  the  foundation  walls  of  the  present  apse  of  the  church  not  far 
from  its  S.  corner  (Fig.  1).  Its  brickwork  shows  10  bricks  and 
10  mortarbeds  every  50  cm  with  bricks  3.1  to  3.4  cm  high  and 
with  mortarbeds  1.7  to  2.2  cm  high.  This  masonry  resembles 
other  structures  of  the  early  III  century,  such  as  the  original 
edifice  of  S.  Croce  in  Gerusalemme,*"  or  the  Therm®  of  Cara- 
calla.  Thus  it  confirms  the  date  of  about  200  a.d.  suggested  by 
the  brickstamp  which  was  found  in  the  main  wall,  A  1,  in  1876. 

Somewhat  later  than  this  system  A  is  a  single  wall,  A',  which 
is  enclosed  in  the  wall  of  the  present  apse  at  its  S.  corner.  It 
starts  from  a  level  somewhat  higher  than  the  level  of  A  6.  Its 
direction  differs  slightly  from  that  of  system  A,  and  its  brick- 
woi'k  with  9^/2  bricks  to  9  mortarbeds  in  every  50  cm  indicates 
a  date  about  the  middle  of  the  III  centurv. 

While  this  wall  is  evidently  an  addition  to  system  A,  an  en- 

112  Tlicy  are  marked  "Travcrtino  "  in  the  drawing. 

^13  R.  Krautheimer,  Corpus  Basilicarum  Christianorom  Bonue,  I  Vatican  Gitj, 
1937,  p.  172. 
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tirelj  different  second  system,  B,  was  superimposed  on  the  first 
one  at  a  later  period.  That  it  is  later  becomes  quite  evident 
from  the  drawing  where  one  sees  that  the  walls  of  system  A 
were  frequently  broken  out  when  meeting  the  structures  of  sys- 
tem R,  for  example,  the  wall  of  the  segment  shaped  apse,  A  2. 
In  other  places  the  walls  of  the  second  system  B  are  so  weak 
that  they  could  not  have  been  preserved  at  the  time  of  the  exca- 
vation if  they  had  been  situated  below  the  strong  walls  of  sys- 
tem A.  The  preservation  of  the  hypocaust  piers  to  the  south, 
for  example,  can  be  explained  only  if  it  is  assumed  that  they 
stand  on  the  main  wall  of  system  A ;  if  they  had  been  underneath 
it,  they  would  have  been  completely  crushed.  This  system  B 
consists  first  of  the  remnants  of  a  small  stilted  semicircular  apse, 
B  1,  to  the  south,  with  its  opening  turned  east-southeast;  the 
apse  as  well  as  a  neighboring  room,  B  2,  are  filled  with  hypo- 
causts.  This  second  room  B  2  shows  also  what  appears  to  be 
the  beginning  of  an  apse.  These  two  rooms  are  joined  to  a  wall, 
B  3,  east  of  the  main  wall,  A  1,  of  the  first  system,  and  this  wall 
in  turn  leads  to  a  long  wall,  B  4.  B  4  runs  due  west-northwest 
and  is  connected  with  a  third  semicircular  apse,  B  5,  again  with 
remnants  of  hypocausts.  These  latter  walls,  B  3,  4,  5,  are  laid 
out  on  an  axial  system,  which  differs  slightly  from  that  of  the 
first  two  rooms,  B  1  and  B  2;  yet  the  difference  is  so  slight  that 
they  seem  to  belong  to  the  same  network.  According  to  Ves- 
pignani's  notes  on  his  drawing,  the  pavement  of  this  whole  sys- 
tem was  situated  2.15  m  below  the  level  of  the  ancient  chancel, 
which  corresponds  to  a  level  of  1.80  m  below  the  pavement  of 
the  present  nave.  While  these  walls  are  known  only  through 
the  drawing,  the  remnants  of  two  other  walls  of  system  B  are 
still  visible.  Both  are  preserved  on  the  outside  of  the  present 
main  apse  of  the  church,  one,  B  6,  south  of  the  strong  low  but- 
tress in  its  center,  the  other  one,  B  7,  north  of  it.  While  the 
first  one  is  preserved  to  a  height  of  almost  4  m,  the  second  one 
is  preserved  only  in  the  foundation  wall  proper  of  the  present 
apse  (Figs.  1,  6).  Their  brickword  seems  identical;  8V2  bricks 
and  8  mortarbeds  alternate  in  every  50  cm,  the  bricks  are  3.4 
to  4.3  cm  high,  the  mortar])eds  1.7  to  2.1  cm  thick.  This  brick- 
work also  seems  to  point  to  a  date  later  than  that  of  the  brick- 
work of  system  A.    Similar  brickwork  occurs  in  the  Aurelian 
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walls  of  about  275/"  and  as  late  as  the  early  IV  century,  when 
the  first  hall  of  S.  Crisogono  was  built."'* 

While  it  is  obvious  that  neither  of  the  two  systems,  A  and  B, 
is  in  any  way  connected  with  the  structure  of  the  present  chnrch, 
it  seems  impossible  to  attempt  a  reconstruction  of  the  two  edi- 
fices to  which  these  renmants  belong.   The  structures  of  sys- 
tem B  were  in  all  likelihood  part  of  some  private  thermal  edifice, 
as  would  appear  from  the  frequent  use  of  apses  and  from  the 
use  of  liyjiocausts.    Yet  this  edifice  was  not  connected  in  any 
way  with  either  the  Therinnf  of  Ti'.ijan  or  the  Thernur  of  Titu.s 
wliich  extend  one  east,  tlie  otlier  oiif  ^onth  on  tlie  hill  on  which 
S.  Pietro  in  Vineoli  is  situated.    Both  run  on  ditTerent  axes  and 
both  are  too  far  distant.    The  scale  of  the  buihiinu  B  seems 
quite  small  and  would  suggest  rather  some  private  therm».  As 
regards  the  first  edifice,  A,  it  is  even  harder  to  be  definite.  It 
also  may  have  belonged  to  some  thermaB,  but  it  may  as  well  have 
formed  part  of  a  residence ;  segment  shaped  apses  would  be  pos- 
sible in  either  type  of  edifice.   The  street  pavements  found  in 
the  neighborhood  of  the  church  unfortunately  are  insufficient  to 
give  further  evidence."* 

In  contrast  to  these  two  networks,  A  and  B,  a  third  group  of 
structures,  marked  on  Vespignani's  drawing,  seems  to  conform 
definitely  to  the  axis  of  the  nave  of  the  basilica.  Only  two  walls 
are  preserved  of  this  system,  one,  (M,  which  runs  east  to  west 
along  tlie  S.  side  of  the  present  confessio,  and  the  othei',  C  2, 
which  de})arts  from  ('  1  at  about  its  middle  at  a  right  angle  and 
runs  due  south.  They  are  certainly  superimposed  on  the  struc- 
tures of  both  systems  A  and  B  since  they  overlap  these  earlier 
walls  several  times.  It  seems  that  they  are  foundation  walls 
for  choir  screens  which  would  have  consisted  of  a  center  part 
projecting  from  the  apse  into  the  transept  (C  1  would  have 
formed  the  S.  wall  of  this  center  part)  and  of  lateral  screens 
which  did  not  project  so  far  and  crossed  the  transept  trans- 
versallv.   The  transverse  screens  would  have  been  similar 

ii'*  8Vj  bricks  to  8  mortarbeds;  bricks  3.3  to  3.6  cm  high,  mortarbeds  2.1  to  3  cm 
thick. 

Krautheimer,  op.  rit..  p.  147. 
iJoLanciani,  op.  rit.,  I'l.  22  and  23.    Soroux  d'Agincourt,  op.  cit.,  T.  p.  35,  men- 
tioned that  he  had  excavated  some  mosaic  pavements  and  some  walls  behind  the  apse. 
He  believed  them  to  have  belonged  to  the  Thermae  of  Trajan  which  is  obviously  erro- 
neous; they  may  have  belonged  to  either  of  the  earlier  edifices  buried  below  the  apse. 
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though  earlier  than  those  visihle  on  Rossini's  engraving  and 
on  the  groundplans  done  before  1876."*  The  date  of  the  exca- 
vated screen  foundations  is  uncertain,  but  since  their  axis  cor- 
responds to  that  of  tlie  nave,  they  must  have  been  erected  when 
or  iifter  tlie  church  had  bceu  completed.  On  tlie  other  hand, 
tboA'  were  destroyed  when  a  lanre  Medieval  toml)  D  was  ])laced 
ill  the  transept/'"  The  shape  of  these  screens,  witli  projecting 
center  part,  would  have  corresj^onded  exactly  to  that  of  the  choir 
screens  at  S.  Stefano  in  Via  Latina,  a  church  which  was  con- 
structed l)etween  440  and  461. 

When  the  church  was  built,  walls  A  8  and  B  6  must  have  been 
still  preserved  to  a  considerable  height  and  their  remnants  in- 
corporated into  the  wall  of  the  apse.    Yet  it  seems  even  more 
important  that,  in  building  the  apse  and  the  transept,  the  strong 
main  wall,  A  1,  was  evidently  dug  up  and,  in  its  continuation 
outside  the  apse,  was  used  as  the  base  for  the  E.  wall  of  the  S. 
transept  and  the  large  buttress  at  the  N.  corner  of  the  apse. 
This  explains  the  oblique  direction  of  the  E.  wall  of  the  transept 
and  the  oblique  direction  of  the  opening  of  the  apse.  Conse- 
quently also,  the  axis  of  the  apse  had  to  be  fitted  into  this  system. 
It  is  possible  that  the  direction  of  the  N.  wall  of  the  transept, 
although  it  does  not  quite  fit  into  this  same  network  A,  was  also 
determined  not  only  by  the  direction  of  an  ancient  street  corre- 
spondiiig  to  the  Via  delle  Sette  Sale  but  also  by  some  ancient 
wall  which  has  not  vet  been  discovered.    Onlv  through  their  re- 
lation  to  some  underlying  walls  can  the  direction  of  the  transept 
walls  be  explained.    Not  before  the  AV.  wall  of  the  transei)t  was 
built  was  this  older  system  discai'ded  and  I'cplaced  by  a  new  one 
to  which  the  nave  and  aisles  were  subordinated. 

IV 

The  question  of  the  date  of  the  bnildinir  oi"  S.  Pietro  in  Vin- 
coli  remains  to  be  discussed.  To  determine  it,  ditTei-ent  indica- 
tions might  be  considered.  Aside  from  the  documentary 
sources,  the  brickwork  and  })r()portions  of  the  windows  p:ive  very 
definite  clues.  Since  the  bricks  are  frequently  pilfered  from 
older  constructions,  it  seems  safer  to  rely  on  the  character  of 

117  See  above,  p.  358  and  Fig.  4. 

n»  See  above,  n.  9. 

119  Marked  on  Vespignani  s  drawings  * '  Sopultura  medieovale".  There  is  no  way 
of  dating  it  precisely. 
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Brick  woBK 


Date 

Church 

Height  of 
Brirks 

1 

1      Heijtht  of 
Monar 

^  Ratio 

i 

368-^ 

1  S.  Clemente 

2.5-4.4  cm 

3.65  cm 

1  1.3-5.6  cm 

1  3.2  cm 

\^n\  :7\n 

35Q-400 

S.  Crooo 
(apee  below) 

2^.3  cm 

3.5  cm 

2.5-4.7  cm 

,  3.6  cm 

8/7:8/7 

418-32 

S.  Sabina 

3.5-4.0  cm 

3.7  cm 

3.0-5.1  cm 

4.0  cm 

7i/7  : 7/6 

'kOZ—W 

or 

earlier 

o.  Aiaria  iviaggiure 

o.o— 4.0  cm 

a.97  cm 

u.o— o.u  cm 

1  4.7  cm 

432-40 

Lateran  BaptiBtery 

3.0-3.5  cm 

3.3  cm 

2.4-8.7  cm* 

3.1  cm 

8:7 

4oZ-4U 

S.  Lorenzo  in 
Lucina 

x.o— o.o  cm 

o.  1  cm 

*.u— ».o  cm 

o.o  cm 

Q  •  S 
O  .  O 

410-61 

S.  Giovanni  e  Paolo 

3.5-4.2  cm 

3.7  cm 

2  -4.2  cm 

3.1  cm 

7i/7:7 

S.  PlBTBO  IK 

ViNCOLl 

transept 

3.5-4.5  cm 

3.7  cm 

2.2-4.0  cm 

3.3  cm 

8:7i/7 

apse,  Bone  I 

3.0-3.8  cm 

3.4  cm 

2.1-3.5  cm 

2.7  cm 

8/71  : 71/7 

apse,  zone  H 

3.7-4.0  cm 

3.8  cm 

2.2-2.9  cm 

2.6  cm 

8:7 

'170  or 
earlier 

S.  Agata  dei  Goti 

2.8-4.8  cm 

3.4  cm 

1.8-3.5  cm 

2.0  cm 

8:8 

468-83 

S.  Stefano  Rotondo 

2.7-h5.1  cm 

3.7  cm 

8:7 

*  My  moasuromente  differ  di^tly  from  those  given  by  G.  B.  Giovenale,  /{ BatHdero 
Laleranenae,  Rome,  1928,  p.  43. 


I 
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Windows 


Date 

Church 

Width 

Distanoe 

Cumulative 
Distanee  in 
R.  Ft. 

Ratio 

401-17 

8.  Vitale 

2.10  m 

0.90  m 

10  R.  ft. 

1  : 0.43 

418-32 

S.  Sabina 

2.43  m 

1.18  m 

12  R.  ft. 

1  : 0.49 

432~i0 

or 
sJightly 
earlier 

S.  Maris  Maggiore 

2.00-2.46  m 

0.89-1.10  m 

10-12i  R.  ft. 

1  :  0.49- 
1  :0.50 

430-^0 

S.  Giovanni  e  Paolo 
(8.  waU) 

1.75  m 

1.25  m 

10  R.  ft. 

1  :0.7 

440-61 

or 
slightly 
earlier 

S.  Giovanni  e  Paolo 
(N.  wall) 

1.55  m 

1.43  m 

10  R.  ft. 

1  :0.92 

8.  PlBTRO  IN 

V'iNCOLI 

(E.  bays) 

1.78  m 

1.38  m 

lOi  R.  ft. 

1  : 0.77 

8.  PiXTRO  IN 

ViNCOLI 

(W.  bays) 

2.02  m 

1.50  m 

12  R.  ft. 

1  : 0.74 

476  or 
eaiiier 

8.  Agata  dei  Goti 

1.70  m 

1.35  m 

10  ByM.  ft. 

1 :0.8 

468-83 

8. 8tefaiio  Rotondo 

1.60  m 

1.00  m 

12  R.  ft. 

1  : 1.2 
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the  mortarbeds,  on  the  thickness  of  the  mortar  used,  and  on  the 
ratio  between  bricks  and  mortarbeds  within  a  given  height.  In 
the  original  parts  of  the  apse  and  of  the  transept  of  S.  Pietro  in 
Vincoli,  these  elements  point  to  a  date  somewhere  in  the  first 
half  or  about  the»  middle  of  the  V  century.  The  ratio  of  between 
8  and  7M»  bricks  and  between  8  and  7  niortarbeds  every  50  em, 
the  height  of  tlie  bi-ieks,  wliich  fluctuates  from  3.0  to  4.5  cm,  and 
the  thickness  of  tlie  niortarbeds,  wliich  varies  between  2.1  and 
4.0  cm  with  an  average  thickness  of  3.3  cm,  corresponds  to  the 
brickwork  of  Roman  structures  which  are  dated  between  400 
and  450.  A  list  of  brickwork  measurements  is  added  from 
which  it  would  appear  that  the  masonry  of  S.  Pietro  in  Vincoli 
is  most  closelv  related  to  that  of  S.  Lorenzo  in  Lucina  "°  and 
that  of  Lateran  Baptistery,*"  both  erected  or  consecrated  be- 
tween 432  and  440.  Yet  since  there  is  no  building  preserved  in 
Rome  which  would  show  the  development  between  450  and  470, 
a  margin  for  error  has  to  be  left.  Indeed  the  proportions  of  the 
windows  of  S.  Pietro  in  Vincoli  point  rather  to  a  date  about  the 
middle  of  the  V  century,  for  it  seems  that  in  the  Roman  churches 
of  the  V  century,  the  ratio  between  the  width  of  windows  and 
their  distances  from  each  other  undert'oes  a  verv  characteristic 
change  about  the  middle  of  the  centurv.  Durini*-  the  first  fortv 
years  of  the  century,  the  proportion  sinks  from  1:0.43  at  S. 
Vitale  (401-17)  to  1 : 0.50  at  S.  Maria  Maggiore  (before  432), 
that  is,  the  window  is  first  more  than  twice  as  wide  and  then  just 
twice  as  wide  as  the  distance  from  one  window^  to  the  other. 
About  440,  in  the  S.  clerestorey  of  SS.  Giovanni  e  Paolo,  the 
ratio  sinks  to  1 : 0.7,  that  is,  the  distance  between  the  windows 
increases.  This  development  continues  throughout  the  second 
half  of  the  century  until  the  window  is  smaller  than  the  pier. 
Again  the  accompanying  list  will  demonstrate  this  development 
and  the  place  which  S.  Pietro  in  Vincoli  occupies  within  it. 

On  the  other  hand,  the  tradition  for  the  foundation  of  the 
church  seems  to  he  well  supported  by  documentary  sources. 
They  have  been  carefully  collected  by  De  Rossi  ^-^  and  by 

120  B.  KrautheinuT  and  W'.  Fiankl,  "  Roi-cnt  Discoveries  in  Churches  in  Bome/' 
in:  American  Jovrnnl  of  Archaeolorty,  XLIII  (1939),  p.  388  ff. 

121  G.  B.  Giovenalo,  op.  cit.,  p.  43. 

132  Q.  B.  De  Bossi,  Insonptiones  Christianae  Urbis  Somae,  II,  1,  Borne,  1857-88 
(quoted  as  "De  Bossi,  Inscriptiones"). 
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Kirs(jh."*  The  interpretations  given.to  these  sources,  however, 
may  sometimes  be  open  to  revision. 

What  we  know  for  certain  out  of  a  masis  of  legends  and  tradi- 
tions are  a  few  main  facts: 

A.  In  431,  Philij)pus,  a  Roman  presbyter  and  the  leader  of 

    • 

the  Roman  delegation  to  Ephesos,  signs  his  name  under  the  reso- 
lutions of  tlie  Council  which  he  had  attended  and  in  which  he  had 
phiyed  a  decisive  role.  According  to  tliis  signature  he  was 
"presbyter  ecclesiae  apostoiorum",  presbyter  of  the  Congrega- 
tion of  the  Apostles.^-* 

B.  A  whole  set  of  inscrii)tions  originally  decorated  the  in- 
terior of  S.  Pietro  in  Vincoli.  They  are  all  lost,  but  they  are 
preserved  in  different  collections  of  inscriptions  ranging  from 
the  VU  to  the  XV  century.    They  are : 

a.  An  inscription  which  is  preserved  in  the  Sylloge  IV  of 
Lorsch  of  the  VII  century  and  in  the  Sylloge  of  Verdun  of  the 
VIII  century,  in  the  latter  with  the  remark  that  it  was  to  be  read 
**in  occidentali  parte  ipsius  ecclesiae,'*  in  the  western  part  of 
this  church.  De  Bossi  has  suggested  that  this  refers  to  a  place 
above  the  door  on  the  interior  facade."'  The  text  of  this  in- 
scription was: 

Cede  prius  noinen  novitati  cede  vetustas 
rejfia  laetantei-  vota  dieare  11  bet 
haec  petri  paiiliqiie  siniul  iiuiie  nomine  signo 
xystus  apostulicae  sedis  lionore  fruens 
unum  quaeso  pares  unum  duo  sumite  munus 
imus  honor  celebrat  quos  habet  una  fides 
presbiteri  tamen  hie  labor  est  et  cura  philippi 
postquani  effesi  XPS  vicit  utrique  polo 
praemia  diseipulus  meruit  vincente  magistro 
hane  palnwmi  fidei  rettnlit  inde  senex. 
(Syll.  Lauresham.  IV,  f.  71'.)^^« 

12*  J.  P.  Kirscli,  Die  roviisclun  Titdkirchi  n  im  Altertum,  Paderboru,  191»,  p. 
45  ff. 

124  J.  Hardouin,  Concilioruvi  cvlhclio  rcyia  viaxima,  I,  Paris,  1715,  col.  1483  f. 
De  Rossi,  In.scriptioncs,  II,  1,  p,         no.  3, 

ii»  Ibidem,  p.  110,  uo.  67;  see  also  E.  Diehl,  Inscriptionea  Latinae  Chri»Hanae 
Vetereg,  I,  Berlin,  1925-31,  p.  182,  no.  974.  The  Syll.  Virdun.,  De  Rossi,  Itmcrip- 
tionrs.  TT,  1,  p.  134,  gives  a  ti-xt  witli  slight  variations.  As  lias  been  pointed  out  by 
De  Rossi,  "JEpigrafe  d'una  chiesa  dedieata  agli  apostoli  Pietro  e  Paolo,"  iii:  B.  A.  C, 
■er.  Ill,  anno  3  (1878),  p.  14  ff.,  and  by  St.  Gsell,  Lea  Monumenta  antiquea  de 
VAlfjerie,  II,  Paris,  1901,  ]>.  159  f,,  this  inscription  was  copied  in  the  VT  eentury  in 
a  church  at  Ain  Oljora  near  Tebessa,  in  Africa,  with  alterations  adapting  it  to  the 
local  circumstances. 
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This  inscription  reveals  ^  number  of  facts:  The  chnrch  had 
formerly  a  different  name  and  was  rebuilt  (line  1),  evidently 
with  the  support  of  the  Imperial  house  (line  2) ;  it  was  dedicated 
to  Saint  Peter  and  Paul  (line  3)  by  Sixtus  (which  must  mean 
Sixtus  III  (432-40)  who  was  a  contemporary  of  the  Council  of 
Ephesos)  (line  4).  Particular  emphasis  is  given  to  the  equality 
of  the  two  Apostles  and  to  the  unity  of  creed  (lines  5  and  6). 
Philippus,  who  is  responsible  for  the  biiildinH'  and  in  charm'  of 
the  church  (line  7),  brought  back,  when  an  old  man,  the  palm 
from  Ephesos  where  Christ,  his  master,  had  been  victorious 
(Hne  8). 

It  is  obvious  from  this  inscription  that  Philippus,  who  was 
the  pontifical  legate  at  F]i)hesos  and  who  signed  his  name  there 
as  presbyter  of  the  Congregation  of  the  Ajjostles,  was  the  same 
priest  who  is  mentioned  in  this  inscription.'-'  It  is  likewise  ob- 
vious that  the  present  church  of  S.  Pietro  in  Vincoli  is  either 
identical  with  or  the  legal  successor  of  the  "ecclesia  aposto- 
lorum'*  mentioned  in  the  E])hesos  document.  It  is  further  likely 
that  an  older  ecclesiastical  building  nmst  have  existed  on  the 
site  of  S.  Pietro  in  Vincoli,  as  proved  by  line  1,  and  that  between 
432  and  440  a  dedication  of  a  new  church  took  place.  This  dedi- 
cation was  made  to  Saint  Peter  and  Saint  Paul  and  replaced  an 
older  one.   Yet  a  number  of  questions  remain  unanswered. 

First :  which  name  did  the  older  building  have  before  it  was 
replaced  by  the  new  church,  and  which  exactly  was  the  new  title 
given  the  new  church  by  Sixtus  III!  The  general  assumption 
is  that,  before  Sixtus  III,  the  older  building  had  been  dedicated 
to  the  twelve  Apostles,  that  its  name  had  been  Ecclesia  Apos- 
tolorum,  the  name  used  by  Philippus  at  Ephesos  in  431,  and  that 
the  new  name  given  it  by  Sixtus  was  Saint  Peter  and  Paul.*" 
I  wonder  whether  this  assumption  is  really  conclusive.  Of 
course,  in  431  at  Ephesos,  the  church  is  called  ecclesia  apos- 
tolorum,  but  this  same  name  is  used  only  once,  namely  in  this 
very  document,  before  the  new  consecration  took  ])lace — and  in- 
deed very  shortly  before  this  consecration — while  it  occurs  fre- 
(luently  after  the  consecration,  from  the  V  through  the  VIII 
century  and  up  to  the  IX.  One  might  try  to  exijlain  this  by 
assuming  that  the  new  name  of  Saint  Peter  and  Paul  was  not 

127  For  his  biogr;i])liy  see  also  A.  F.  voti  T*.'iuly  and  G.  Wissowa,  Beal-Encyclo- 
piidie  dcr  KlanMscheii  Altrrf umsirissniscliaf I ,  XIX,  2,  Stuttfjart,  1894  ff.,  col.  2375  f. 
De  Ro8«i,  Insvriptioius,  II,  1,  p.  134;  Kirseh,  op.  rit.,  pasaiin,  and  others. 
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universally  accepted  and  that  the  old  name  of  the  Apostles  per- 
sisted. Yet  that  cannot  be  maintained  because  it  is  only  in 
official  documents  that  the  dedication  to  the  Apostles  continued, 
while  the  unofficial  documents  used  entirely  different  names."" 

In  all  legal  documents,  for  example,  in  the  signatures  of  the 
Roman  synods  of  499  and  of  595,"'  the  church  remained  the 
**titiilus  Apostolorum"  or  **titulus  Sanctorum  Apostolorum" 
and  this  very  name  occurs  frequently  in  the  official  biographies 
of  the  popes  in  the  Liber  Pontificalis.'^-  Not  once,  on  the  other 
hand,  in  anv  document  is  the  church  called  St.  Peter  and  Paul. 
There  is  only  one  explanation.  Saint  Peter  and  Paul  are  the 
"principes  Apostolorum";  they  are,  in  the  eyes  of  the  Early 
Christians,  the  Apostles  kat'  exochen;  their  memoria  at  S. 
Sebastiano  f.l.m.  in  Borne  is  known  since  the  IV  century  as 
Memoria  Apostolorum ;  the  church  which  Bufinus,  the  power- 
ful minister  of  Theodosius  I,  founded  about  393  at  Chalkedon 
near  Constantinople  and  which  was  consecrated  to  Saint  Peter 
and  Paul  was  called  the  Apostoleion ;  "*  the  church  of  the 
Apostles  in  Paris,  built  in  512,  was  likewise  dedicated  to  Saint 
Peter  and  Paul."*  It  would  be  easy  to  increase  the  number  of 
instances.  Thus  it  seems  safe  to  assume  that  also  at  S.  Pietro 
in  Vincoli  the  name  of  Saint  Peter  and  Paul  and  the  name  of 
the  Ajjostles  were  synonymous,  and  that,  conse([uentiy,  the  name 
"ecclesia  apostolorum,"  as  used  in  431  by  Philipjjus  at  Kphesos, 
was  identical  with  the  name  of  Saint  Petei-  and  Paul  as  used  in  the 
inscription  of  Sixtus  III  between  432  and  440.  The  continuous 
use  of  the  term  "titulus  Apostolorum"  in  leii,al  documents  re- 
ferring to  the  church  up  to  the  IX  century,  the  fact  that  none  of 
these  documents  uses  the  name  of  Saint  Peter  and  Paul;  and 
finally  the  constant  svnonvmitv  of  the  names  of  Saint  Peter  and 
Paul  and  of  the  Apostles  throughout  the  Early  Christian  period 
make  such  a  solution  imperative. 

i»  See  below,  p.  407  f . 

ISO  Monnmenta  Oermaniae  Historica  (quoted  as  "M.  G.  H."),  AueU  Antiqu., 
XIT,  p.  410  flf. 

13 »  M.  G.  H.,  Epist.  I,  p.  360  f. 

M.  O.  Duchesne,  Le  Liber  Pontificalis,  Paris,  1886-92,  passim  (quoted  as 

*'L.  P.")- 

133  H.  Lietzmann,  Petrus  nmJ  Pnuhis  in  Rom,  2n(1  ci].,  Bi  i  lin.  1927,  ]t:iHsiin. 

134  L,  M.  O.  Duchesne,  "Inscription  clir6tienne  tie  Bitliynie, "  in:  Bull.  Con: 
HmSn.,  II  (1878),  p.  289  ff. 

»»»  J.  Hubert,  L'Art  PrS-Boman,  Paris,  1938,  p.  8  f.,  particularly  p.  9,  n.  1. 
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If  this  is  the  case,  however,  it  is  of  course  obvious  that  the 
new  name,  St.  Petor  and  Paul  or  the  Apostles,  was  not  chosen 
by  Sixtns  III.    Philippus  had  used  it  at  Ephesos  in  431  before 
Sixtus  III  had  obtained  the  pontificate.    The  church,  therefore, 
must  have  been  ijiven  its  new  name  jn-ior  to  that  time,  that  is, 
at  least  shortly  befoi'e  its  consecration.    There  is  nothinu:  to 
contradict  such  an  assumption.    Consecration  and  name  iiiviim- 
need  not  take  place  at  the  same  time,  nor  does  a  consecration 
ncessarily  mean  that  the  building  is  either  just  begun  or  already 
completed.    It  can  take  place  at  any  time  during  the  process  of 
building,  whenever  an  important  part  of  the  building  has  been 
completed,  or  whenever  an  important  occasion  for  a  consecra- 
tion offers  itself,  such  as  the  visit  of  some  high  ecclesiastical 
or  secular  personality.'^"    It  is  perfectly  possible  that  the  build- 
ing of  the  church  had  been  started  before  Philippus  went  to 
Ephesos.   Indeed,  it  is  obvious  that  Sixtus  III,  in  his  inscrip- 
tion, does  not  claim  any  important  part  in  the  erection  of  the 
building;  he  speaks  only  of  his  part  in  the  consecration.  He 
even  does  it  in  a  way  which  suggests  that  he  only  gave  his 
blessing  to  a  work  undertaken  by  somebody  else  before  he  him- 
self had  come  to  power,  a  fact  which  is  even  more  significant 
when  one  recalls  that  Sixtus  III  was  not  modest  in  increasini? 
his  fame  by  appioi)riating  for  himself  buildings  begun  l)y  his 
pi'edecessors  oi"  by  other  ])ersons.    S.  Maria  Maggioi'e  and  S. 
Sabiiui  are  well-known  instances.    Certainly  Sixtus  consecrated 
the  basilica  sometime  between  4.'»2  and  440,  jjossibly  in  43i)  as 
will  be  discussed  later. The  buildinu  mav  verv  well  have  been 
started  between  420  and  430.    When  this  consecration  took 
place,  part  of  the  building  must  have  been  completed,  and  these 
parts  nmst  have  included  at  least  the  lower  parts  of  the  VV. 
facade  where  the  inscription  was  placed  according  to  the  Sylloge 
of  Verdun.   The  natural  place  for  such  an  inscription  would  be 
the  space  between  the  door  zone  and  the  clerestorey  zone  across 
'  the  fagade,  as  can  be  seen  at  S.  Sabina  and  as  it  is  known  to 
have  existed  at  S.  Maria  Maggiore.   Since  the  apse  and  the 
transept,  as  we  have  seen,  were  probably  completed  before  the 

i3«  The  best  illustration  for  this  procedure  is  the  voyage  of  Urban  II  in  1095 
and  1096  from  Komp  to  Clermont  Ferrand.  On  his  way  he  consvr rates  almost  every 
church  building  whidi  lu-  finds  no  matter  whether  it  was  completed  or  just  begun  or 
whether  only  its  site  liad  been  laid  out. 

>8T8ee  below,  p.  402. 
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nave,  they  must  have  been  finished  also  at  the  time  of  the  con- 
secration. This  does  not  prove  anything,  however,  in  regard 
to  the  final  completion  of  the  nave.  The  clerestory  might  have 
been  still  unfinished,  with  the  lower  parts  protected  by  a  tem- 
porary roof,  which  would  explain  the  fact  that  the  proportions 
of  the  windows  and  their  distances  apart  seem  to  point  to  a 
somewhat  later  date. 

The  aspect  of  the  buildintr  which  preceded  this  basilica  re- 
mains obscure  and  so  does  its  name.    As  to  its  plan,  it  may 
have  been  anything;-,  a  simple  hall  such  as  the  first  buildins:  of 
8.  Oisogono,'"^*'  or  a  coiimiunity  house  which  had  been  trans- 
t'oriiied  from  either  a  piivate  residence  or  from  an  apartment 
house,  as  was  the  case  at  S.  Clemente      or  at  S.  Giovanni  e 
Paolo.''"    The  structures  fonnd  under  the  apse,  particularly 
in  the  later  system  B,  may  or  may  not  have  belonged  to  a 
private  residence  which  was  later  used  for  such  a  community 
house.    Nothing  definite  can  be  said  until  further  excavations 
can  be  made.   As  to  the  name,  we  can  for  the  present  suggest 
only  one  possibility.   Line  5  and  line  6  of  the  inscription  very 
strongly  emphasize  that  the  two  great  Apostles  should  con- 
descend to  share  the  dedication  between  themselves.   It  sounds 
almost  like  an  elaborate  excuse  to  one  of  them. 

b,  A  second  inscription  is  preserved  in  one  Codex  only,  in 
the  Sylloge  IV  of  Lorsch  of  the  VTI  century. 

"Theodosins  pater  Eudocia  ciun  foniiijre  votum 
cumque  suo  siipjilex  Eudoxia  nomine  solvit" 
(8yll.  Lauresliam.  IV,  f.  71)'*^ 

The  place  where  it  was  to  be  read  is  not  mentioned  in  the  Syl- 
loge nor  is  even  the  church  where  it  was  to  be  found;  but  since 
it  immediately  precedes  the  inscription,  **Cede  prius  nomen," 
the  existence  of  which  at  S.  Pietro  in  Vincoli  is  ascertained, 
there  is  no  need  to  doubt  that  this  inscription  also  belonged  to 
the  set  of  commemorative  inscriptions  at  S.  Pietro  in  Vincoli. 
The  meaning  of  this  inscription  seems  obvious.  Theodosius  n, 
together  with  his  wife,  Eudocia,  and  his  daughter,  Eudoxia,  ful- 
filled a  vow  regarding  the  church,  either  in  his  name  or  in  that 

13"*  Krautheimer,  Corpus,  p.  144  ff. 

1S9  £.  Jnnyent,  /I  litolo  di  San  Clemmte,  Borne,  1932,  passim. 

1*0  Ihidrm,  p.  107  ff. 

i*»  De  Rossi,  In-scriptionet,  II,  1,  p.  110,  no.  66;  Diehl,  op.  cit.,  I,  p.  348,  no.  1779. 
x«»  See  above,  p.  397. 
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of  his  daughter."*  Indeed,  the  dates  of  Theodosius'  reign,  of 
Budocia's  life,  and  of  the  life  of  Eudoxia  the  Younger  seem  to 
fit  perfectly  into  the  period  of  Sixtus  III,  432-440.  Theodosius 
became  Caesar  in  418  and  died  in  450.  He  never  visited  Rome. 
Eudocia  was  married  to  him  in  421.  In  440  she  took  up  her 
residence  in  Jerusalem,  ])ossibly  in  disgrace,  and  died  in  460.*** 
Eudoxia  the  Younger,'*''  born  in  422,  was  married  to  Valentiniaii 
III  in  437  at  Constantinople.  She  came  to  Rome  in  439  and 
stayed  there  until  440.'"*  She  returned  in  449  and  stayed  until 
455  when,  after  the  death  of  Valentinian  III  and  a  few  months 
later  that  of  her  second  husband,  Petronius  Maximus,  she  was 
carried  by  Geiserich  as  a  prisoner  to  Africa.  She  was  ransomed 
in  462  and  lived  in  Constantinople  until  her  death,  the  date  of 
which  is  unknown.  Her  first  visit  to  Bome  in  439  and  440  seems 
to  tally  with  the  inscription  of  Sixtus  III,  mentioned  before,  in 
which  he  refers  to  vows  made  by  the  Imperial  house.  Thus  it 
seems  safe  to  assume  that  these  two  years  are  the  time  in  which 
both  the  inscription  of  Sixtus  III  and  that  of  Theodosius  and 
his  family  were  put  up  and  when  the  consecration  of  the  church 
took  i)lace,^'*"  Indeed,  it  is  perfectly  plausible  to  assume  that 
Eudoxia's  visit  to  Rome  was  the  occasion  seized  upon  by  Sixtus 
III  for  consecrating  the  l)asilica  in  which  the  Imperial  house 
liad  shown  its  interest.  The  whole  tenor  of  the  inscription,  to- 
gether with  the  fact  that  Eudoxia's  husl)and,  Valentinian  III, 
is  not  mentioned  in  it,  seems  to  justify  the  assumption  that  the 
donations  to  the  church  had  been  made  bv  Theodosius,  and 
that  Eudoxia  repr  esented  him  at  the  dedication  festivities  in  her 
capacity  as  his  daughter."* 

This  is  the  usual  interpretation  given,  for  instance,  by  De  Rossi,  Inscriptiones, 

II,  1,  p.  110,  ;ni.l  Kir.ich,  op.  cit.,  p.  49. 

1"  Pauly  and  Wissowa,  op.  cit.,  VI,  col.  906  ff. 

i't->  Ibidem,  col.  925  ff. 

Diehl,  op.  cit.,  I,  p.  348,  dates  this  visit  in  438,  Pauly  and  Wissowa,  I.e.,  in  439. 
Pauly  anrl  Wissowa,  I.c.,  assume  that  the  church  was  founded  in  this  year, 
a  theory  wliich  is  ccit.iiiily  erroneous. 

1*8  This  whole  iuterprotatiun  is  based  on  the  assumption  that  in  the  second  line 
of  the  distich  the  "a"  in  "Eudoxia",  in  spite  of  its  being  short,  is  meant  to  be 
an  ablative,  as  has  always  Itecii  ;i<siinii>(l.  Tliis  avouUI  not  hi-  n  classical  usage,  but 
anything  is  possible  in  V  century  poetry.  If  tliis  assumption,  however,  should  not 
hold  and  if  the  "Eudoxia"  were  meant  to  be  a  nominative,  as  the  short  "a"  would 
indicate  in  classical  Latin,  another  interpretation  would  have  to  l>e  found.  In  this 
case  one  would  liave  to  assume  that  in  the  first  line  a  "fecit"  would  have  to  be 
supplemented  meaning:  "nieodosius  with  liis  wife  Eudocia  made  a  vow,"  while  in 
the  second  line  the  "cum"  would  have  to  be  referred  to  "suo  nomine"  so  as  to 
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c.  A  third  inscription  also  appears  in  only  one  Codex,  in  the 
Sylloge  of  Verdun  of  the  VTII  century : 

"III  medio  rpnriini  felesteni  respiee  rej^em 
nee  desiiiit  tna  sigiia  fides  antistite  xisto" 
(Syll.  Virdun.,  f.  212,  col.  2)^" 

It  is  certain  that  this  inscription  points  again  to  the  pontificate 
of  Sixtus  ni,  to  the  years  432  to  440.  It  is  furthermore  clear 
that  it  refers  to  some  mosaic  or  mural  with  which  it  was  con- 
nected. 

It  is  not  certain,  however,  what  the  mosaic  or  mural  repre- 
sented and  where  it  was  placed.  The  Sylloge  of  Verdun, 
after  having  quoted  an  inscription  in  the  main  apse/*^  says  that 
this  one  was  to  be  read  "in  altera  absida  in  eadeni  ecclesia," 
and  it  has  always  been  taken  for  granted  that  this  topographical 

mean  "and  Eudoxta  with  hia  name  (or  her  name)  fulfilled  it,"  not  a  very  classical 

Latin  either. 

This  interpretation  would  possibly  lead  to  a  slightly  different  daliiig.  If  Eu- 
dozia  fulfilled  a  tow  made  by  her  father,  in  his  name,  this  might  indicate  that 
Theodosius  was  already  dead.  Tf  tliis  were  so,  the  date  of  the  inscription  would 
fall  between  liia  death  in  450  and  Eudoxia's  captivity  in  455,  during  Eudoxia's 
second  stay  in  Borne.  This  would  point  to  the  possibility  that  work  at  the  church 
was  still  going  on  at  this  time,  an  assumption  which  seems  to  be  supported  at  least 
by  the  measurements  of  the  clerestory. 

De  Rossi,  Jnscriptiones,  II,  1,  p.  134,  no.  2. 

ISO  De  Rossi,  l.e.,  and  Kirsch,  op.  cit.,  p.  49,  had  assumed  that  the  representation 
showed  Christ,  the  king  of  Heaven,  accompanied  by  the  "reges",  tlie  imperial 
family,  and  by  the  pope — tlie  "antistites  xistus'' — who  carried  the  "signa, "  the 
cross.  This  is  hardly  the  right  interpretation.  In  the  first  place,  "signa"  can 
hardly  be  connected  with  "fides"  to  mean  sign  of  faith,  that  is,  cross.  Cross  is 
always  "signum,"  while  the  plural  "signa"  can  only  have  the  meaning  of  signs, 
mirades.  On  the  other  hand,  "fides"  is  a  uomiuative  or  a  vocative,  not  a  genitive. 
Thus  the  translation  of  this  line  ought  to  be  "there  are  not  wanting  your  signs,  Oh 
Faifli,  ris  long  as  Siztus  is  pope."  Consequently,  there  is  no  reason  to  assume  that 
Sixtus  III  was  represented  at  all  or  that  he  was  re]>resented  Avith  a  cross  on  his 
arm.  To  represent  a  living  person,  even  a  pope,  next  to  Christ,  is  a  motif  which  to 
my  knowledge  does  not  occur  anywhere  before  the  VI  century  when  it  appears  at 
RS.  Cosma  e  Daniiano  (523-529).  This  retifencc  in  npresenting  living  persons  next 
to  Christ  has  to  be  kept  in  mind  in  interpreting  tlie  first  line.  No  doubt  Christ  was 
represented  as  the  king  of  Heaven  and  amidst  the  "reges".  But  these  "reges" 
were  hardly  the  rulers  of  this  world.  If  they  had  been,  the  term  used  would  i^rob 
ably  be  the  one  chosen  in  the  contemporaneous  inscription  of  Valentinian  111  at  S. 
Croce  in  Gerusalemme,  429-44:  "regea  terrae".  "Reges",  without  any  specification, 
would  refer  instead,  I  think,  to  the  Four  and  Twenty  elders  offering  their  crowns  to 
Christ  seated  on  his  throne.  This  is  indeed  a  theme  which  is  very  frequently  repre- 
sented in  the  V  century,  for  example,  at  the  triumphal  arch  of  S.  Paolo  f.l.m.,  where 
it  is  dated  in  the  decade  between  440  and  450,  through  the  inscription  referring 
to  Galla  Plaeidia  (425-50)  and  Leo  the  Great  (440-61).  It  would  seem  that  the 
representation  referred  to  at  S.  Pietro  in  Vincoli  would  have  resembled  the  slightly 
later  one  at  S.  Paolo  f.l.m. 
See  below,  p.  405. 
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indication  refers  to  one  of  the  lateral  apses."*  The  structural 
analysis  of  the  edifice,  on  the  other  hand,  has  shown  that  there 
was  definitely  no  lateral  apse  in  the  original  edifice  and  none 
before  the  XV  century  in  either  the  N.  or  in  the  S.  transept. 
Thus  the  interpretation  of  the  remark,  **in  altera  absida",  be- 
comes rather  puzzling.  However,  it  can  be  explained  if  it  is 
remembered  that  the  term  **ab8ida'*  in  VIII  and  IX  century 
Latin,  which  is  the  period  of  the  sylloge  Virduiieusis,  is  used 
rather  indiscriminately.    Tt  mav  refer  to  lateral  rooms  of  anv 

•  •  • 

shape  which  ui>en  onto  a  main  room,*"  to  a  rectangular  chapel,*** 
or  to  a  room  opening  with  an  arch  onto  a  main  room  from  which 
it  receives  its  light."'  If  this  looseness  of  the  term  is  kept  in 
mind,  it  will  appear  that  at  S.  Pieti'o  in  Vincoli  the  term  might 
have  been  applied  to  the  transept  wings  which  were  smaller 
rooms  separated  from  the  center  bay,  or  to  some  lateral  chapeL  | 
It  may  possibly  refer  even  to  the  center  bay  of  the  transept,  j 
which  is  a  room  separated  from  the  nave  but  opening  onto  it  i 
through  an  arch  and  which  might  thus  perhaps  have  been  called 
a  second  apse.  Of  course,  such  a  use  of  the  term  *'absida" 
seems  rather  strange,  but  on  the  other  hand,  one  can  hardly 
imagine  that  a  mosaic  or  mural  with  the  important  theme  of 
Christ  and  the  Four  and  Twenty  Elders  would  have  been  shoved 
aside  into  some  small  chapel  or  into  one  of  the  wings  of  the 
transept.  Analogies  show  that  this  representation  usually  oc- 
cupies either  the  main  apse  as  it  did  at  S.  Croce  in  Gerusalemme, 
or  the  triumphal  arch  as  is  the  case  at  8.  Paolo  f.l.m.  Thus  it 
seems  worth  while  to  consider  at  least  the  possibility  that  the 
place  referred  to  was  somewhere  in  the  center  bay  of  the 
transept."' 

152  Di"  Kossi,  I.e. ;  Kirsch,  I.e.  j 

188  Walafrid  Strabo,  De  Eebus  Ecclcsianticis,  c.  6:  "Exedra  est  absida  quaedam  j 
separata  modicum  quidem  a  templo  vel  palatio  ..."    (J.  von  Schlosaer,  Sehrift- 
quellen  zitr  Geschichte  dcr  Icarolingischen  Kunst,  Vienna.  TTtfi,  p.  4). 

154  Translatio  S.  Filiberti,  c.  29;  the  crypt  of  S.  I'liilibeit  de  Grandlieu,  which  , 
consists  of  an  ambulatory  with  three  rectangular  chapels,  is  described  as:  "loens 
sepulturae  mirifice  .  .  .  transvolutus  tribus  perinde  absidis  circumcirea  adjeetis  ..." 
(Schlosser,  op.  ext.,  p.  21.')). 

188  Hrabanus  Maurus,  De  Vniverso,  lib.  XIV,  c.  23 :  "  absida  .  .  .  eo  quod 
lumine  accepto  i)er  arcum  resplendeat  ..."  (J.  P.  Migne,  Pntrologm  Intina,  vol. 
CXI,  col.  403)  ;  the  jtassage  is  taken  from  Tsidorus  of  Seville,  lib.  IV,  c,  VIII.  No.  7 
(liidori.  .  .  .  EtymoJoginrnm  .  .  .  Ubri  X.\\  ed.  W.  M.  Lindsay,  TT,  Oxford  1911). 

16«  The  most  convincing  solution,  which  unfortunately  remains  purely  hypo- 
thetical, would  be  that  "in  altera  absida"  is  a  lapsus  calami  of  the  scribe  and  that 
the  line  should  have  read  "in  arcu  abside".  To  check  this  reading  is,  at  present, 
quite  impossible. 
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d.  The  following  inscription  may  possibly  bo  connected  with 
the  three  V  century  inscriptions  which  have  been  discussed  so 
far.   It  runs: 

"Inlesas  olim  servant  haec  tecta  cathenas 
vincia  sacrata  petri  ferrum  pretiosius  auro." 
(Syll.  Virdun.,  f.  212,  col.  2.)»^ 

It  appears  for  the  first  time  in  the  Sylloge  of  Verdun  in  the 
VIII  century  under  the  heading  **isti  versiculi  scripti  sunt  ad 
sci  Petri  vincula"."*  In  the  IX  century,  it  is  mentioned  in  the 
Sylloge  of  Wiirzburg  and  in  Alcuin's  collectanea,**"  and  later 
in  numerous  codices.  It  was  still  preserved  about  1420  when  it 
was  copied  by  Signorili  with  the  remark  that  the  verses  were 
"scripti  de  musaicis  in  tribuna  .  .  .  and  in  1454  when  it 
was  copied  by  Cyriacus  of  Ancona.^"*  Likewise,  Petrus  Sabinus 
must  have  seen  it  when  preparing  his  collection  of  inscriptions 
of  Rome.  He  quoted  it  and  added  that  it  used  to  be  I'ead  in  the 
apse,  "111  a]iside  templi  s.  petri  ad  vincula  .  .  .  legebantur'*, 
that  it  was  done,  "ex  opere  verniienhito",  that  is,  it  consisted 
of  mosaic,  and  that  it  was  written  in  very  old  lettering,  "vetus- 
tissimis  litteris ' When  lie  actually  wrote  his  book  in  1493-94, 
the  inscription  had  evidently  disappeared,  as  is  proved  by  his 
use  of  the  past  tense.*** 

It  has  always  been  assumed  that  this  inscription  was  con- 
temporaneous with  the  set  discussed  so  far.  This  may  be  so, 
but  it  cannot  be  proved  beyond  doubt.  Belies  of  chains,  which 
were  popularly  believed  to  be  those  worn  by  Saint  Peter,  must 
have  been  in  the  church  as  early  as  501,  when,  for  the  first  time, 
the  church  appears  under  the  name  a  vincula  sancti  Petri  Apos- 
toliy'^*  and  the  inscription  in  the  main  apse,  where  these  chains 
were  kept,  is  undoubtedly  of  official  character.  Yet,  it  may  be 
either  contemporaneous  with  the  erection  of  the  church,  some- 
what later  or  even  considerably  later.    If  the  latter  were  cor- 

1^'  De  Bossi,  Inscriptiones,  II,  1,  p.  134,  no.  1;  Diehl,  op.  ctt.,  I,  p.  348,  no.  1781. 

See  preceding  note. 
ifi»  De  Bossi,  Inscriptiones,  11,  1,  p.  157,  no.  10. 
^•o  Ibidem,  p.  286,  no.  11. 

lei  Ihuh  m.  p.  134,  adnotatio  ad  no.  1. 
10-  Ibidem,  p.  352,  no,  1. 

t«3  It  may  have  disappeared  during  the  restorationa  undertaken  by  Sixtus  IV, 
as  snggested  by  De  Rossi,  i'McripiioncSf  II,  1,  p.  134. 
!•«  Dnchesne,  L.  P.,  I,  p.  261  and  p.  265,  n.  13. 
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rect,  the  inscription  merely  followed  the  popular  belief.  The 

history  of  the  relics  gives  no  additional  clue. 

It  remains  uncertain  whether  the  chains  were  old  Roman 
property  or  whether  they  liad  been  brought  from  Jerusalem, 
as  hiter  legends  assume."*"  Tjikewise  it  remains  uncertain 
whether  from  tlie  very  outset,  tliey  were  believed  to  l)e  the  chains 
of  onlv  Saint  Petei-  or  of  both  Saint  Peter  and  Saint  Paul. 
Relics  of  chains  of  Saint  Peter  were  venerated  in  Rome  as  early 
as  the  first  half  of  the  V  century,  as  is  j)roved  by  a  relative  in- 
scription at  Spoleto,  set  up  by  bisho])  Achilles  who  is  known  to 
have  lived  about  419/"^  Chains  of  the  Apostles  are  mentioned 
in  519  when  the  Ambassador  of  Justin  I  asks  for  relics  of  them.*** 
In  594  Gregory  the  Great  writes  to  the  Empress  Constantina 
that  he  would  be  willing  to  let  her  have  some  filings  from  the 
chains  which  Saint  Paul  had  worn  around  his  neck  and  on  his 
hands,  **in  collo  et  in  manibus'*/"*  The  place  where  all  these 
chains  were  kept  is  uncertain.  Yet  it  is  a  curious  coincidence 
that  in  the  XII  century  the  Mirabilia  clearly  mention  chains  of 
both  Saint  Peter  and  Saint  Paul  being  kept  at  S.  Pietro  in  Vin- 
coli ; as  late  as  1420  Signorili  believed  the  chains  with  their 
collar,  at  S.  Pietro  in  Vincoli,  to  be  those  of  Saint  Paul,  "cathena 
cum  collaro  .  .  .  qua  fuit  legatus  S.  Paulus","*  in  spite  of  the 
fact  that  the  inserii)tion  in  the  apse,  which  he  quotes,  referred 
to  Saint  Petei-.  In  none  of  the  early  documents,  except  in  the 
inscription  of  Spoleto,  are  the  chains  of  Saint  Peter  named  ex- 

!'>  '  II.  Grisur,  "T)cr  ninnuTtiiUBche  Kerker  .  .  in:  Zeitschrift  fiir  Katholiaehe 
Iheoloyie,  XX  (1896),  p.  102  ff. 

i««  The  later  legends  from  the  VIII  century  sermon  of  Panlus  Winfridus  (Horn. 

38,  0(1.  IMigne,  Put ri>h';/l<i  I(ttiiia,  Vol.  XCV,  col.  1485  ff.)  and  tlie  XII  century 
Mirabilia  Romae  (H.  Jordan,  Topofjraphie  dtr  Stadt  Bom  im  Alt>rtiim,  II,  Berlin, 
1871,  p.  623  f.)  through  Armelliui,  op.  cit.,  p.  208  f.,  connected  tlie  transfer  of  these 
relics  from  Jerusalem  with  the  name  of  either  Eudoxia  the  Elder  or  of  Eudocia  or 
of  her  daughter,  Eudoxia  the  Younger.  None  of  these  traditions  seems  to  be  correct. 
Neither  Eudoxia  the  Elder  nor  Eudoxia  the  Younger  was  ever  in  Jerusalem;  Eudocia 
was  there  in  438  and  again  from  440-461,  but  Socrates,  who  very  carefully  reported 
this  pilgrimage,  does  not  mention  any  relics  which  she  brought  from  there  (Socrates, 
Hist.  EccL,  VIT,  47,  3,  ed.  Migne,  Palrolnain  rjrarra,  Vol.  LXVII,  col.  839  f.).  Mar- 
cellinus  in  Ids  Chronicon,  ad  ann.  439.2  (Al.  U.  H,,  Auct.  Antiqu.,  XI,  p.  80),  men- 
tions only  relics  of  Saint  Stephen  which  the  Empress  brought  to  Constantinople. 

i«7  De  Rossi,  Inscripliones,  II,  1,  p.  113,  no.  79-81  and  B.  A.  C.  ser.  II,  anno  II 
(1871),  p.  lis  ff. 

itjs  Suggestio  Legatorum  ad  Hormisdam.  Thiel,  Epistolae  Eomanorum  pon- 
iificum,  I,  p.  874. 

109  M.  G.  H.,  Kpist.,  T,  ]).  263  ff. 

IT"  Jordan,  op.  cit.,  ]».  624. 

Ki  De  Kossi,  Inncriplionen,  II,  p.  134. 
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plicitly.  Yet  it  is  obvious  that  from  the  end  of  the  V  century 
on,  a  set  of  chains,  kept  at  S.  Pietro  in  Vincoli,  was  at  least 

popularly  believed  to  be  connected  with  the  memory  of  Saint 
Peter.*'-  On  the  other  hand  either  chains  of  Saint  Paul  must 
have  likewise  been  venerated  in  the  church  or  else  one  and  the 
same  chains  must  have  been  attri])uted  sometimes  to  Saint 
I*eter  and  sometimes  to  Saint  Paul.  Tliere  is  one  point  which 
seeiiis  almost  to  speak  in  favor  of  the  hypothesis  that  the  at- 
tribution was  fluctuating:  the  fluctuation  in  the  name  of  the 
church  itself. 

As  mentioned  befoic,  the  official  name  of  the  church  from  at 
least  431  through  the  VIII  century,  was  **ecclesia  Apostolorum" 
that  is,  it  was  officially  consecrated  to  Saint  Peter  and  Saint 
Paul.  Yet  as  early  as  501,  a  new  evidently  unofficial  name  ap- 
pears in  addition  to  the  official  name.  In  this  year  for  the  first 
time  the  church  is  mentioned  under  the  name  *'a  vincula  sancti 
Petri  apostoli'V"  in  an  account  of  the  slaying  of  one  of  its 
presbyters  in  a  street  riot.  The  same  name  appears  in  532/535 
in  an  ex-voto  inscri})tion  which  is  preserved  in  the  church  and 
which  was  dedicated  ''BKATO  Pi^:TR()  AP.  PATKOXO  SUO" 
by  ''A  VINOULIS  ElUS  SEVKRUS  PB".^'*  A-ain  the  name 
is  used,  when  in  544  A  rat  or 's  poem  in  honor  of  the  two  Ap()stU'S 
is  publicly  read  in  '*Ecclesia  beati  petri  (puie  vocatur  Ad  Vin- 
cula .  .  .".''"^  in  the  middle  of  the  VII  century,  the  Itinerai  ium 
Salisl)urgense  calls  the  church  "...  vincula  Petri",'""  ^^^^t 
the  late  VIII  century,  the  Itinerarium  Eiusiedlense  mentions  it 
as  "Sci.  Petri  ad  Vincula".'" 

Yet  it  appears  that  this  is  merely  a  popular  name.  It  occurs 
in  itineraries,  in  ex-votos,  in  sepulchral  inscriptions,"*  in  re- 
ports on  current  events,  but  never  in  official  documents.  It 
seems  to  have  been  the  current  popular  name  by  which  the 

See  the  following  note. 
XT«  Duchesne,  L.  P.  I,  p.  261. 

i'i  Ibidem,  I,  p.  285,  n.  1. 

i75MigiU',  Patrofogia  ladiKi,  Vol.  LXVIIT,  I'ol.  55. 

i<«G.  B.  De  Rossi,  Koma  Sultcrranea,  1,  Konie,  18G4,  I,  p.  149. 

Iff  It.  Lanciani,  "L'ltinerario  dell'Anonimo  Einsiedlense in:  Monumenti 
Antichi  .  .  .  dell 'A  cade  mid  dei  Lined  .  .     I  (1892),  p,  1  fF. 

i"H  For  inst;iii«r,  tlic  lost  sepulchral  iiiscri])tion  quoted  hy  V.  ("ahrol  iind  II. 
Leclereq,  Dictionnairc  d'archCologie  et  de  lilurgie  chrtlitiine,  Hi,  1,  Puri.s,  1903  11., 
col.  4,  after  P.  Monsacrati,  De  satris  eaieni*,  Rome,  1750,  wliich  Monsacrati  had  read 
at  S.  Lorenzo  f.l.ni.:  "LO(TJ8  SEBA8TIANI  PB.  A  VIN". 
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church  was  known  to  everybody  in  Rome.""  Yet  its  official  name 
was  and  remained  **titulus  Apostolorum*'.  Thus  it  appears  in 
the  signatures  of  the  Roman  synods  of  499  and  of  595.^"*^  Then, 
in  600,  a  new  name  appears  together  with  the  old  one ;  the  same 
two  presbyters,  Andromacus  and  Agapitus,  who  in  iiad 
signed  for  the  ''titulus  Sanctorum  Apostolorum",  are  men- 
tioned in  a  letter  of  Gregory  the  Great,  dated  October  5,  600,  as 
presbyters  of  the  **titulus  Eudoxiae".'**^  Evidently  the  name, 
Eudoxia,  in  the  inscription  in  the  church  had  led  to  the  belief 
that  she  had  actually  founded  the  church,  thus  contributing  to 
the  creation  of  a  new  name. 

This  new  name  is  used  fi  oni  the  VII  through  the  VIII  cen- 
turies. "Whether  it  was  ever  an  official  name,  in  the  proper  sense 
of  the  word,  can  hardly  be  decided.  At  any  rate,  it  is  never  used 
separately  after  the  date  of  the  letter  of  Gregory  the  Great.  It 
is  used  by  Hadrian  I  in  combination  with  both  the  old  official 
and  the  popular  name  ''titulus  Apostolorum  quae  appellatur 
Eudoxiae  ad  vincula'V''  ii^  combination  with  the  popular 
name  only,  **in  titulo  Eudoxiae  videlicet  beati  Petri  apostoli  ad 
vincula'  Only  in  the  biography  of  Leo  III  it  occasionally  oc- 
curs alone,"*  but  usually  in  combination  with  the  popular 
name."'  Evidently  the  hitherto  popular  name  received  a  more 
and  more  official  character.  From  816  on,  it  appeared  by  itself 
in  more  or  less  official  documents,  for  example,  in  the  biography 
of  Stephen  V,"*  and  only  once  Gregory  IV  returns  to  the  older 
combination  **ecclesia  Apostolorum  ad  Vincula"."'  But  gen- 
erally the  name  of  the  two  Apostles  is  more  and  more  replaced 
by  that  of  Saint  Peter  alone,  first  unofficially  and  later  officially, 
until  the  present  name,  8.  Pietro  in  Vincoli,  remains  as  the  only 
one.  And  it  may  well  be  that  the  attribution  of  the  chains  re- 
flects the  same  gradual  replacement  of  both  the  princes  of  the 
Apostles  by  JSaint  Peter. 

iif*  Change  of  names  of  that  kind  or  tlie  contemporary  use  of  both  official  and 
popular  name  have  always  been  and  are  still  frequent  in  Rome.  For  instances,  see 
Cli.  Hiilsen,  Le  Chiese  di  Buma,  Firenze,  19:^7,  pa.ssiin. 

180  See  above,  n.  130  and  131. 

181  M.  G.  H.,  Epist.,  IT,  p.  275. 

182  Duchesne,  L.  P.,  I,  p.  508. 
"S/ftidem,  I,  p.  512. 

li*  Ibidem,  II,  p.  U. 
185  Ibidem,  II,  p. 

Ibidem,  II,  p.  49,  50. 
187  Ibidem,  II,  p.  76. 
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Summing  up :  Tt  seems  to  bo  sound  to  assume  that  the  ehurch, 
which  had  been  started  by  Philippus  and  which  was  dedicated  by 
Sixtus  III,  was  consecrated  to  the  princes  of  the  Apostles.  Yet 
from  as  early  as  501,  an  unofficial  replacing  of  the  two  Apostles 
by  Saint  Peter  alone  occurred  until  the  name  of  the  latter  was 
supreme.  It  seems  worthwhile  to  ask  whether  there  was  any 
particular  reason  for  this  change. 

It  is  remarkable  how  Sixtus  III,  in  his  dedicatory  inscrip- 
tion, seems  to  apologize  to  one  of  the  two  princes  of  the  Apostles 
for  having  him  share  the  honor  of  the  dedication  with  his  fellow 
apostle.^*'  There  was  no  reason  for  such  an  apology  unless  one 
of  the  two  apostles  had  a  prior  right  to  the  church.  Such  an 
older  right  could  be  connected  only  with  the  title  of  the  older 
ecclesiastical  building  which  preceded  the  church  of  Philippus. 
As  a  matter  of  fact,  the  Hieronymian  Marty rology  quotes 
under  August  1,  the  day  of  the  festival  of  the  chains  of  S.  Pietro 
in  Vincoli,  a  "dedieatio  (j^rimae)  ecclesiae  a  beato  Petro  con- 
structae".  Since  the  main  body  of  the  Martyrolojry  dates  prior 
to  the  papacy  of  Sixtus  III,  to  whom  the  latest  revisions  are 
due,"*"  this  can  mean  only  that  there  existed  an  ecclesiastical 
building  in  Rome  which,  traditionally,  was  connected  at  a  very 
early  time  with  the  name  of  Saint  Peter  and  the  consecration  of 
which  fell  on  the  same  day  on  which,  after  the  time  of  Sixtus 
111,  the  annual  main  festival  of  S.  Pieti-o  in  Vincoli  occurred."* 
The  logical  conclusion  would  seem  to  be  that  this  ecclesiastical 
building  connected  with  the  memory  of  Saint  Peter  was  the  one 
that  preceded  the  church  of  Sixtus  III.  This  would  explain  the 
apologetic  tenor  of  the  dedicatory  inscription  in  the  new  church, 
where  Saint  Peter  now  had  to  share  honors  with  Saint  Paul,  al- 
though originally  he  had  been  the  only  patron  of  the  preceding 
building.  It  would  likewise  explain  the  early  appearance  of  the 
popular  name  S.  Pietro  in  Vincoli.  Public  opinion  evidently 
did  not  become  accustomed  to  the  new  dedication  to  the  two 
Apostles  and  clung  to  the  old  one,  to  Saint  Peter  alone,  until 
finally  Saint  Peter  remained  victorious. 

e.  This  hypothesis  seems  to  be  supported  by  an  inscription 
which,  evidently  during  the  Middle  Ages,  was  to  be  read  in  the 

iM  See  above,  p.  397. 

is*L.  Duchesne  and  O.  B.  De  Bossi,  Mnrtyrologium  Hieronymianum,  Brussels, 
1894,  in:  Acta  Sanctorum.  Xovembris.  tonuis  II,  p.  (99). 

1*0  L.  Ducliesne,  Christian  Worahip,  Loudou,  1904,  p.  290. 
i»i  Kirsfh,  op.  cit.,  p.  47. 
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church.  It  is  quoted  only  in  the  XVII  century  by  Martinelli, 
not  from  the  original  which  at  this  time  had  evidently  disap- 
peared, but  from  some  older  source : 

Hoe  Domini  teniplmii  Petro  fuit  ante  dicatum, 
Tertiiis  Aiitistes  Sixtiis  sacraverat  olim 
Civili  bello  destruetum  post  i'uit  ipsum, 
Eudoxia  quidem  totum  renovavit  ibidem 
Pelagius  rursus  sacravit  Papa  Beatus, 
Corpora  sanctorum  condens  ibi  Machabaeorum, 
Apposuit  Petri  preticsa  TJ^'amiiia  ferri, 
Illustris  mulier  quae  detulit  Hierusalera. 
Et  quibus  est  Potnis.  Xeronis  tempore  vinctus, 
August]  meiisis  celebraiitur  festa  t-alendis. 
Hue  aeeedenti  purj^antur  erimina  euncta. 

The  first  two  lines  of  this  inscription  seem  to  state  that  the 
church  had  originally  been  dedicated  to  Saint  Peter  and  was 
later  consecrated  by  Sixtus  III.  It  does  not  say  that  it  was 
consecrated  to  the  Apostles,  but  the  fact  that  a  second  consecra- 
tion was  undertaken  by  Sixtus  is  very  definitely  stressed. 

Unfortunately,  however,  the  date  of  this  inscription  is  very 
uncertain.  It  certainlv  is  at  least  as  late  as  the  VI  centurv,  as 
IS  evident  from  the  reference  to  a  jjope  Pelai;ius  and  to  the  relies 
of  the  MaccabeaiLs.'  '  J^iit  it  does  not  oecur  in  anv  of  the  VII, 
VIII  or  IX  century  sylloga?."*  Tbe  sylloi^ae,  of  course,  are  far 
fi'om  complete  and  the  inscription  niiulit  very  well  be  late  VI 
century.  If  latei-,  it  nii^'lit  have  re])eated  a  I'eliable  early  tradi- 
tion. Thus,  although  at  tbe  pi-esent  state  of  our  knowledge,  tbe 
inserii)tion  cannot  be  relied  upon,  in  view  of  tbe  conclusions 
drawn  lioni  the  other  sources  discussed  above,  it  may  prove  a 
supijlementary  corroboration  of  the  hypothesis  that  the  edifice 
picceding  the  church  of  Philippus  and  Sixtus  was  dedicated  to 
Saint  Peter. 

To  summarize  briefly  the  results  of  the  documentary  evi- 
dence, it  becomes  obvious  that  the  church  was  started  before 
431  by  Philippus  and  that  it  replaced  an  older  building  of  un- 

»»2Martmelli,  op.  cit.,  p.  248  f. 

f  .il)io]  lercq,  op.  cit.,  Ill,  1,  col.  3  IT.,  asaumed  that  the  relics  were  trans- 
ferred first  from  Antiocli  to  Constantinople  and  then,  under  Pelagius  T  (556-561),  to 
Kouie.  Siaie,  however,  the  relics  were  still  at  Antioeh  when  Antoninus  of  Piacenia 
visited  that  city  after  570  (as  pointed  out  by  Cabrol-Leclercq,  op.  cit.,  1,  2,  col.  2378 
f.)  the  translation  seems  to  liave  taken  pi  a  ee  un<ler  Pelagius  II  (579-590). 

1 '4  Maru( .  Ill,  op.  cit..  p.  317,  must  be  mistaken  when  assuming  that  the  inscrip- 
tion appears  in  the  Mirabilia. 
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known  forni.  This  older  buildiiis;  was  dedicated  in  all  likelihood 
to  Saint  Peter.  The  new  church,  consecrated  by  Sixtus  III, 
possibly  in  the  presence  of  Eudoxia,  in  439-440,  and  certainly 
supported  by  Imperial  donations,  was  dedicated  to  the  Apostles 
Saint  Peter  and  Paul.  This  documentary  evidence  seems  to 
tally  with  the  evidence  g^iven  by  the  structural  analysis  of  the 
building.  This  analysis  had  shown  that  the  transept  and  the 
apse  were  earlier  than  the  nave,  although  forming  part  of  one 
and  the  same  building  campaign.  The  existence  of  different 
successive  projects  in  the  transept  suggests  even  a  building  ac- 
tivity of  quite  some  duration  in  the  eastern  parts  of  the  edifice. 
On  the  other  hand,  the  lower  parts  of  the  West  facade  must  have 
been  erected  by  439-440  when  they  were  decorated  with  the 
dedicatory  inscription  of  Sixtus  III.  Only  afterward  the  clere- 
story of  the  nave  seems  to  have  been  erected,  and  the  changing 
distances  l)etween  the  windows  in  this  clerestory  as  well  as 
their  changing-  width  go  to  ])rove  that  also  tlie  ]ji'ocess  of  com- 
pleting the  nave  took  quite  a  long  time.  The  proportions  of  this 
clerestory  suggest  a  date  about  or  shortly  after  the  middle  of 
the  V  century.  Thus  one  will  be  safe  in  assuming  that  the 
building  was  started  about  420  and  terminated  about  450. 

V 

As  a  whole,  the  church  of  S.  Pietro  in  Vincoli  seems  to  pre- 
sent itself  as  a  normal  Karly  (^hristian  basilica  of  the  well-known 
Eoman  type.  Yet  there  is  one  element  in  the  church  whicli  is 
different  fi-om  the  normal  and  which  is  of  the  utmost  importance. 
It  is  the  transept,  with  its  clear  division  into  a  center  bay  and 
wings.  This  division,  as  one  recalls,  was  at  first  intended  to 
be  achieved  by  walls,  each  with  three  openings  in  their  upper 
parts  and  with  arcades,  possibly  on  columns,  below.  Later,  al- 
though during  the  same  construction  period,  the  arrangement 
was  simplified  by  eliminating  these  upper  walls  and  by  retain- 
ing only  four  pilasters  in  their  places.  Whether  or  not  the 
lower  parts  of  these  pilasters  were  connected  by  arcades  cannot 
be  ascertained  (Fig.  14).  Yet  in  the  first  as  well  as  in  the  sec- 
ond project  the  transept  of  S.  Pietro  in  Vincoli  belongs  to  a 
transept  type  which  plays  a  considerable  role  in  Early  Christian 
architecture.   We  would  like  to  discuss  this  particular  transept 
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type  in  greater  detail  since  to  my  knowledge  this  has  never  been 
done  before. 

Leaving  aside  the  question  of  the  origin  of  the  transept  as 
such,"*  it  is  nevertheless  certain  that  transepts  appear  in  the 
Early  Christian  basilicas  of  Rome  from  the  earlv  IV  centurv 
on  and  that  from  the  early  V  century  they  apijcar  also  in  the 

Near  East.  But  certainly,  as  Kirsch  and  Scliiieiiler  have 
pointed  out,  different  types  of  transepts  should  be  distinguished 
from  one  another.  Evidently  these  transepts  are  in  type  inde- 
pendent of  each  other,  not  only  from  a  structural,  but  also  from 
a  liturgical  point  of  view,  and  very  different  in  origin.  There 
is  first  the  continuous  narrow  transept,  a  structure  w^hich  equals 
the  nave  in  height,  which  is  undivided,  and  which  is  interposed 
between  apse  and  nave.  In  this  form  the  transept  is  a  semi- 
independent  structure,  and  as  a  rule  it  seems  to  be  erected  over 
the  tomb  of  a  Saint  or  possibly  over  a  famous  relic.  It  appears 
to  be  a  memorial  building,  structurally  connected  with,  yet  in 
purpose  and  in  religious  significance  opposed  to,  the  congrega- 
tional hall,  the  nave  with  its  aisles.  While  this  latter  area  was 
reserved  for  the  congregation,  the  transept  was  reserved  for  the 
clergy  and  for  the  cult  of  the  martyr.'**'  One  might  even  ask 
whether  the  transept  in  this  form  is  anything  but  a  substitute 
for  the  circular  or  octagonal  memoria  which  formed  an  indis- 
pensable part  of  the  Constantinian  churches  of  the  Near  East, 
either  as  an  independent  structure,  as  in  the  Holy  Sepulchre  at 
Jerusalem,"*  or  directly  attached  to  the  nave,  as  in  the  Church 

loftj.  p.  Kirsch,  **J1  Transetto  nella  basilica  eristiana  antica",  in:  Seritti  in 
onore  di  BariolovMneo  Nogara,  Boin«,  1937,  p.  205  ff.  (quoted  as  Kirsch,  '*  Tran- 
setto"), gives  an  extraordinarily  clear  and  complete  survey  of  the  older  and  more 
recent  theories  on  the  origin  of  the  transept.  His  survey  makes  it  unnecessary  to 
repeat  it  here. 

A.  M.  Schneider,  Die  BrotvermehrunggJcirche  von  et-tdhga,  Paderborn,  1934,  p. 

35  ff. 

Th,  Klauser,  Die  konstantinisclien  Altiire  der  Latcransbasilika,  in:  Romische 
Quartalschrift,  43  (1935),  p.  179  ff.,  attempts  to  derive  the  transept  from  the  neces- 
sity of  creating  room  for  the  seven  altars  in  the  basilica  of  the  Lateran.  This  theory 
does  not  explain  the  spreading  of  the  transept  to  buildings  where  such  a  number  of 
altars  did  not  exist.  .Schneider,  op.  cit.,  p.  36,  has  jminted  out  very  clearly  the  dif- 
ferent elements  involved  in  the  origin  of  the  transept,  the  structural  elements  as  well 
aa  its  connection  with  the  martyr  cult.  He  does  not  emphasize,  however,  the  parallel 
with  the  memorial  buildings  of  the  East  nor  does  he  point  to  the  difference  in  origin 
and  purpose  of  tlie  different  transept  tyi)es. 

H.  Vincent  and  F.  M.  Abel,  Jirumhm  Auuvelle,  II,  1,  Paris,  1914,  passim. 
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of  the  Nativity  at  Bethlehem."'  This  continuous  semi-inde- 
pendent transept  with  memorial  character  seems  to  occur  with 
particular  frequency  in  Rome.*'*"  Chronologically,  it  seems  to 
be  limited,  in  Early  Christian  architecture  proper,  to  the  IV 
century.  It  appears  at  St.  Peter's  about  325,  at  St.  John  in  the 
Lateran  about  335,  at  St.  Paul's,  which  was  certainly  copied 
from  St.  Peter's,  after  384,  and  possibly  in  the  first  church  of 
S.  Lorenzo  f.l.m.  about  390.  Later  it  occurs  only  once,  between 
625  and  638,  at  S.  Paiicrazio,  until,  in  the  early  IX  century,  it 
becomes  a  common  feature  of  Roman  churches  and  of  Carolin- 
li'ian  churches  in  general.  It  is  evident  that,  with  the  exception 
of  St.  .John  in  the  Lateran,  the  churches  to  which  these  transepts 
belong  are,  without  exception,  basilica?  ad  corpus,  erected  in 
connection  ^vith  tlie  tomb  of  a  saint.  AVhile  this  type  seems  to 
be  generally  limited  to  the  west,  it  occasionally  occurs  also  out- 
side Rome,  for  examj)le,  at  8.  Maria  di  Capua  Vetere;  -"^  it  may 
have  found  its  way  even  to  Asia  Minor  in  some  isolated  examples 
such  as  basilicas  E  and  E'  at  Sagalassos,  judging  as  far  as  the 
sketchy  groundplans  published  allow.*" 

This  type  is  different  from  a  second  type  of  transept  which 
is  as  wide,  or  almost  as  wide,  as  the  nave.  Like  the  nave,  it  is 
accompanied  by  aisles  which  frequently  continue  along  the 
short  sides  so  as  to  surround  the  wings  on  three  sides.  In  the 
center,  where  nave  and  transept  intersect,  the  tomb  of  the  Saint 
is  placed.  In  other  words,  the  transept  is  not  a  semi-indepen- 
dent structure,  attached  and  at  the  same  time  opposed  to  the 
nave,  but  it  is  united  and  architecturally  equivalent  to  the  nave. 
It  is  not  a  memorial  building  which  shelters  the  tomb  of  the 
Saint  and  is  merely  attached  to  the  congregational  hall;  to- 
gether with  the  nave,  it  radiates  from  the  center  formed  by  the 

W.  Harvoy,  "The  parly  hnsilicn  ;it  l'<>tlil('lHni, "  in:  Patfsline  K.rplnration 
Fund,  Quarterly  statement,  1936,  p.  28  ff.;  11.  V'imoiit,  "  Betlil^em in:  Rcvuc 
Biblique,  45  (1936),  p.  544  ff.;  46  (1937),  p.  93  ff. 

KirRcli,  Transetto,  has  attempted  to  limit  its  occurrence  to  basilicas  with  a 
nave  and  four  aisles. 

wi  G.  Chierici,  in:  Atti  del  III  Congresso  di  Archeologia  Cristiana,  Rome,  1934, 
p.  204  ff.,  Fig.  1. 

2f>2  K.  Graf  Lanckdrunski  Brzczic.  (J.  Xicmann,  E.  Petersen.  Stiitltr  Pisidiens  nnd 
Pamphyliem,  II,  Vienna,  1890-92,  p.  149  f.,  Fig.  123  and  p.  152  f.,  Fig.  126;  II.  Rott, 
Kleinasiatigche  Denkmaler,  Leipsic,  1906,  p.  14  ff.,  Fig.  17.  The  churches  of  Epi- 
danros  and  Pammytliia,  wliit-Ii  SdinpidiT,  /.r.,  enumerates  in  tliis  group,  hrivc  no  ron- 
nection  with  it,  nor  flfws  tlic  single-nave<i  churcli  of  Kyzyllyk,  which  was  published  by 
K.  Paribeni  and  F.  Konianelli,  '*Studii  e  ricerelie  arclieologiehe  nell 'Anatolia  meridio- 
nale",  in:  Monumenti  Antichi  ddl'Accademia  dH  lAncH,  XXIII  (1913),  col.  267  ft. 
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tomb  of  the  Saint  towards  three  sides,  while  the  fourth  side  is 
usually  occupied  by  the  apse.  The  tomb  forms  the  religious  as 
well  as  the  architectural  center  of  the  whole  edifice  and  conse- 
quently a  radiating  element  dominates  buildings  of  this  type 
even  in  its  latest  descendents."*  The  so-called  Arcadius  basilica 
at  the  Menas  city     is  the  best  example  of  the  type  (Fis:.  15). 

The  derivation  of  this  plan  of  transept  can  undoulttodly  be 
traced  back  to  a  well-known  Early  Christian  type  of  the  IV 
century,  the  eross-sha])t'd  niemoria.  In  tliese  edifices,  four 
win^s  of  equal  length  radiate  from  a  center  room  which  contains 
the  tomb  of  the  Saint  or  the  venerated  object.**"  A  buildins:  of 
this  simplest  type,  dated  ."^TD-SO,  is  ])reserved  at  Antiocli- 
Kaoussie,-""  while  another  one  is  known  to  have  existed  at  the 
AVell  of  Jacob  near  Sichem.-"^  Bv  the  earlv  V  ceuturv  this  ivr^e 
is  further  developed.-***  The  wings  are  transformed  to  consist 
of  nave  and  aisles  and,  instead  of  all  being  equal,  one  of  the 
wings  is  distinguished  by  the  addition  of  an  apse.'-'""  Thus  the 
longitudinal  axis  is  slightly  more  emphasized  than  the  trans- 
verse of  the  transept  wings.  This  type  existed  probably  in  the 
church  founded  by  Eudoxia  the  Elder  at  Gaza  in  401 ;  it  has 
been  excavated  in  the  Church  of  the  Martyrs  and  Apostles  at 
Gerasa  (464-65)      and  in  the  cross  church  at  Salona  (490- 

20»  Schneider,  op.  cit.,  p.  37,  has  pointed  to  the  differences  of  this  type,  which  he 

calls  type  II,  from  tlic  one  discussed  before.  I  disagree,  however,  with  liia  inter- 
pretation of  the  second  type.  According  to  him,  the  nave  in  this  type  would  be 
through-running  and  tiie  transept  would  be  attached  to  it.  He  overlooks  the  cen- 
tralizing and  radiating  element;  he  is  bound  to  do  so  because  he  does  not  take  into 
consiileration  the  difference  in  origin  and  purpose. 

V,.  M.  Kaufmann,  Die  Mciuisstadt,  Leipsio,  1910;  F.  W.  Deichmann,  **Zu  den 
Bauten  der  Menasstadt * in:  Jahrbueh  des  Dmtsfehen  archaologischen  Inxtitutg, 
Archaologischrr  Amcigrr,  52  (19.37),  c(d.  7.5  ff. 

-'"•For  this  jiroblein  see  S.  Guyer,  "Der  Dotii  von  Pisa  .  .  ."  in:  Munchner 
Jahrbueh  der  bildcnden  Kunal,  10  (1933),  p.  351  ff.,  particularly  p.  3(30  ff. 

20«  Antioch-on-the-Oronies,  II,  The  erravations,  198,1^6,  PublictUiofu  of  the 
Commitirr  for  the  ETcarntinn  of  Antinrh.  cd.  E.  Stilhvell,  Princeton,  1938,  p.  5  ff. 

Its  plan  is  preserved  in  a  VTT  century  drawing  by  Arculf;  see  Arculfus,  De 
locis  Mnctis,  lib.  II,  cap.  21,  ed.  Migne,  Patrolngia  latina,  Vol.  LXXXVIII,  col.  802. 

208  Distantly  related,  although  on  a  much  .smaller  scale,  are  the  cross  churches 
with  barrel  vaulted  wings  in  Anatolia  as  published  hy  Rott.  op.  cil..  ]>assini,  for 
example,  p.  163,  182  ff.,  188  ff.,  and  the  cross  churches  with  stone  slab  covered  wings 
in  the  Hauran,  discussed  by  J.  Lassus,  in:  Atii  del  III  Congresso,  p.  479  ff. 

208  Guyer,  op.  cit.,  p.  360  ff.,  and  idem,  in:  Jffi  del  TIT  Coiigre.'iso,  p.  433  ff.,  as 
well  as  J.  W.  Crowfoot,  Grrasa,  New  Haven,  1938,  p.  190  ff.,  have  carefully  studied 
the  material  pertaining  to  this  group. 

210 This  church  is  known  only  through  descriptions;  Crowfoot,  op.  cit.,  p.  192  ff., 
and  R.  W.  Hamilton.  " Tlie  churches  of  Gaza",  in:  Palestine  Exploration  Fund, 
Quarterly  Statement,  1930,  p.  190  ff. 

211  Crowfoot,  op.  cit.,  p.  256  ff. 
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540). -'-  Kalat  Sinian,  of  about  450,  belongs  to  the  same  group, 
but  it  has  an  octagonal  rather  than  a  sfjuare  center  bay  which 
Avas  proliably  covered  by  a  wooden  doine.-'"^  The  pre-Justinian 
church  of  Saint  John  at  Ephesos,  unfortunately  not  dated,  trans- 
forms this  almost  pure  cross  type  still  further  by  more  strongly 
emphasizing  the  AV.-E.  axis  through  the  addition  of  a  fore- 
church  in  the  west  and  by  increasing  the  number  of  aisles  in  the 
E.  arms  to  four.-'^  Thus  the  transverse  cross  arms  become  a 
kind  of  transept.  Yet  Ephesos  still  retains  the  characteristic  ele- 


Fio.  15.  Menas  city,  Arcadius  basilica,  plan  (O.  Wulff,  Alichristliche  und 
BifgantinUche  Kunst,  1914,  I,  Fig.  226). 

nients  of  a  cross  Tnemorial  with  the  tomb  of  the  Evangelist  form- 
ing the  structural  and  cult  center  of  the  whole  building.  The 
V  century  church  of  H.  Demetrios  at  Salonica,  which  preceded 
the  present  one,  shows  the  same  stage  of  the  development. 
This  time,  apparently,  a  rectangular  choir  arm  was  surrounded 
by  aisles,  like  the  nave  and  the  cross  wings,  yet,  like  the  cross 
wings,  considerably  shorter  than  the  nave.^'''  The  substitution 
of  a  regular  semicircular  apse  for  such  a  chancel  arm  resulted 

-12  R.  Egger  and  W.  G(Mbor,  Forschungnx  in  Snlnua,  T,  Vienna,  1917,  p.  l!3  ff., 
91;  W.  Gerber,  AltchrisUiche  KtUibauten  in  latrien,  %nd  Dalmatien,  Vienna,  1912, 
p.  120. 

2i»  H.  C.  Butler,  Early  Churches  in  Syria,  Princeton,  1929,  p.  97  flf .  (qnoted  as 

Bntlor.  "Fori I)  Clmrrlirs")  ;  O.  Krcnker,  Dir  JVallfahrtsl-irrhr  dcs  Simeon  Sli/Iif,  s  in 
Kal'at  Sem'an,  AUhnufllinufen  der  Preussichen  Akademie  der  Wissenschaften,  1938, 
Phil  Hist.  Klasse,  41,  Berlin,  1939. 

214  J.  Keil,  "Vorlaufiger  Bericht  iiber  die  Ausgrabungen  in  Ephesos",  in: 
Jahreshefte  d.  Oesterreichischen  Archiiologischen  Instituts,  Beiblatt  XXVII  (1932), 
eol.  61  ff. 

219  The  structural  analysis  of  H.  Demetrios  at  Salonica  is  exceedingly  compli- 
cated.   I  am  basing  my  statement  that  there  existed  an  earlier  building  of  the  V 
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in  creating  the  type  of  the  Menas  basilica,  the  date  of  which  is 
not  quite  certain  ( Fi^.  15 ) .  The  derivation  of  its  strange  tran- 
sept becomes  now  manifest:  the  cross-shaped  memoria  of  the  IV 
century,  enlarged  by  aisles,  has  been  changed  by  transforming 
the  E.  arm  into  an  apse,  the  AV.  arm  into  a  nave,  and  the  cross 
wings  into  what  might  be  called  a  "cross  transey^t".  Evidently 
this  transformation  took  place  in  the  coui'se  of  the  V  century  in 
the  Coastlands  of  the  Near  East  where  the  cross-shaped  memoria 
had  originated.  With  the  exception  of  Ephesos,  which  is  un- 
dated, the  edifices  of  the  group  are  all  of  the  V  century.  Evi- 
dently the  transformation  was  intended  as  an  adaption  of  the 
cross-shaped  memoria  to  the  basilica  with  a  continuous  transept 
as  represented  by  the  IV  century  basilicas  of  Rome.  Still,  the 
prototype,  the  cross  memoria,  remains  obvious  even  in  the  latest 
descendents  of  the  type.  The  radiating  centralizing  element  is 
never  lost ;  the  transept  wings  are  always  accompanied  by  aisles, 
although  sometimes  in  a  rudimentary  form.*" 

These  rudimentary  derivatives  spread  during  the  V  and  pos- 
sibly the  VI  centuries  through  the  Near  Eastern  Coastlands, 
including  Asia  Minor,  Palestine,  and  Bulgaria.*"  Among  them 
are  the  two  basilicas  at  Perge     and  the  basilica  of  Tropaion,**" 

century,  which  would  bo  connected  with  the  date  of  a  foundation  in  412-13,  and  its 
reconstruction  largely  on  my  own  observations.  See  also  G.  Soteriu,  '*He  Basilike 
tou  Agiou  Donirtriou  .  .  . in:  Deltion  Archnrologikon  Siimplegma,  IV  (1918), 
p.  1  fT. ;  idem,  ''Hai  jtalaiochristianikai  basilikai  tes  Hellados",  in:  Ephemeris 
Arcluicologikc,  1929  (1931),  p.  211  f.  (quoted  as  Soteriu,  "Ephemeris,  19iS9")  ; 
Schneider,  op.  dt,,  p.  35  if. 

-i<i  Knufmann,  op.  cit.,  dates  it  400,  Deichmann,  op.  ext.,  at  some  later  time  in 
the  V  century. 

217  This  analysis  is  definitely  opposed  to  Schneider's  analysis,  op.  eit.,  p.  35  ff., 
who  interprets  the  type  as  a  continuation  of  the  nave  into  and  through  the  transept, 
an  interpretation  which  disregards  the  structural  characteristics  of  the  building  .ts 
well  as  the  dominating  position  occupied  in  it  by  the  tomb  of  the  Saint  or  the 
venerated  object.  Based  on  this  erroneous  analysis  and  a  somewhat  indiscriminate 
selection  of  material,  Schneider  is  also  bound  to  confuse  the  derivatives  of  the  type 
and  t(i  enumerate  side  by  side  as  members  of  the  same  grou])  cliurclies,  such  as  the 
Arcadius  basilica  of  the  Menas  city  and  H.  Demetrios  at  Salonica,  which  actually 
belong  in  this  group;  Nikopolis  A  and  B  and  the  "transept  basilica"  extra  muros 
at  Korykos.  which  are  in  an  entirely  different  group  which  we  will  discuss  below; 
Dodona,  which  is  again  slightly  different;  the  Tschanli  Kilisse  at  Gereme,  a  small 
cross-shaped  church  of  the  Anatolian  type  discussed  before;  and  finally  Henchir-el- 
Guesseria  in  North  Africa  and  Serdjilla  in  Syria,  both  of  which  have  not  a  transept 
but  enlarged  pastopliories. 

218  Schneider,  op.  cit.,  p.  38  f.,  speaks  of  these  derivatives  as  of  "mixed  types". 
ai»  Rott,  op.  ext.,  p.  46  ff.,  Figs.  19  and  21. 

2-'n  w.  Liesenberg,  Drr  Einjiuss  der  lAtvrg'u  niif  die  friihchrustlichc  BasiUka. 
NeuBtadt,  H.,  lOJS.  p.  143:  R.  Netzhammer,  Die  christlichen  Altertiimer  der  Dobrogea, 
Bukarest,  1906,  p.  192  ff. 
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where  the  aisles  accompany  the  transept  winofs  only  alonj?  the 
W.  side  and  along-  the  N.  and  S.  sides  respectively,"'  while  they 
are  inissing-  on  the  E.  side.  At  et-Tabhgha  this  type  has  been 
simplified  even  more  by  omitting  the  aisles  even  on  the  N.  and 
S.  sides  of  the  transept,  thus  preserving  them  only  along  the 
W.  side,  but  adding  a  screen  of  columns  in  the  opening  between 
nave  and  transept. 

The  transept  of  S.  Pietro  in  VincoU  is  entirely  different 
from  both  the  Roman  continuous  transept  and  the  cross  tran- 
sept. It  does  not  form  a  continuous  semi-independent  struc- 
ture which  opposes  itself  to  the  nave  as  do  those  in  the  Boman 
basilicas  of  the  IV  century  and  in  their  immediate  descendents. 
Nor  does  it  consist  of  two  wings  surrounded  or  accompanied  by 
either  complete  or  rudimentary  aisles,  which  would  make  the 
transept  resemble  the  nave  and  create  the  impression  of  three 
similar  wings  radiating  from  a  center,  as  in  the  cross  transept 
churches  of  the  Near  Eastern  Coastlands.  At  S.  Pietro  in  Vin- 
coli.  the  transept  consists  of  three  clearly  differentiated  ])arts, 
the  center  bay  and  the  two  trjinsept  wings.  The  center  hay 
forms  a  transverse  oblong,  the  wings,  two  longitudinal  ones. 
The  center  bay  seems  to  be  a  continuation  of  the  ajjse  towai'ds 
the  imve,  a  kind  of  forechoir,  an  elongated  chancel;  the  transept 
wings  seem  to  flank  this  chancel  right  and  left.  The  center  l)ay 
is  clearly  marked  off  against  the  nave  as  well  as  against  the  ti'an- 
sept  wings.  This  analysis  holds  for  both  the  fiist  unabbrevi- 
ated stage,  with  dividing  ujjper  walls,  and  for  the  second  one, 
without  them  ;  it  also  holds  if  the  reconstruction  of  the  last  stage 
is  made  without  any  arcades  between  the  four  projecting  piers. 
It  is  a  form  of  transept  all  by  itself  and  quite  independent  of 
either  the  Roman  continuous  transept  of  the  IV  century  or  the 
Near  Eastern  cross  transept  of  the  V  century.  One  might  call 
it  a  ** tripartite  transept**  (Fig.  14). 

S.  Pietro  in  Vincoli,  however,  is  not  an  isolated  representa- 
tive of  this  type  of  transept.  There  exists  a  large  group  of 
churches  with  transepts  of  the  type  of  S.  Pietro  in  Vincoli  or, 

221  In  basilica  A  at  Perge  and  at  Tropaion,  this  arrangonient  ia  well  preserved; 
in  basilica  B  at  Perge,  it  can  be  reliably  reconstructed. 

•-'22  Sclineider 's  datf"  of  375  can  hardly  be  maintained  any  longer  in  view  of  liis 
own  discovery  of  a  smaller  chapel  below  the  present  church;  see:  "  Neue  Funde  in 
et  tabga",  in:  Orient  ChrUtianiu,  XXXIV  (1937),  p.  59  ff.  Also  the  character  of 
the  mosaics  of  the  large  cbarch  compares  rather  to  the  V  century  mosaics  at  Gerasa 
than  to  any  earlier  ones. 
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to  put  it  more  precisely,  of  the  diifereiit  types  which  have  left 
their  traces  at  that  churcli :  one  with  a  two  storied  partition  wall 
between  center  bay  and  transept  wings;  one  with  only  an  arcade 
between  them  which  may  have  succeeded  this  first  one ;  and  one 
in  which  they  were  possibly  separated  merely  by  projecting 
pilasters. 

This  latter  type  is  represented  by  a  group  of  basilicas  in 
Greece,  the  basilica  A  of  Nikopolis,"^  the  basilica  at  the  Hisses 
near  Athens,^'*  and  another  one  at  Arkitsa-Daphnousia  near 


■  ■■■■■ 


Fio.  16.   NikopoliB  A,  plan  (Soteriu,  £pAemm«,  1929,  Fig.  37). 

Lokris.-"  In  all  of  these  churches  the  nave  is  accompanied  by 
two  aisles,  and  in  all  of  them  the  transept»is  separated,  by  means 
of  protruding  piers,  into  a  center  bay  and  two  wings.  In  basil- 
ica A  of  Nikopolis  the  cross  form  of  the  piers  between  nave  and 
transept  seems  well  established     (Fig.  16).   In  the  Ilissos  ba- 

228  A.  Philadelpheus,  ''Anaskaphai  Nikopoleos",  in:  Ephemeris,  1916,  p.  33  ff., 

Go  ff.;  1917,  p.  48  ff.;  1018,  i).  :U  ff.;  Sotcriu,  Ephemeris,  1929,  p.  20G  f . ;  A.  Or- 
landos  and  G.  Soteriu,  "  Anaskapliai  Nikoi)oleos ",  in:  Prakiika  Archeologikes 
Hetairias,  84  (1929),  p.  83  ff.;  92  (1937),  p.  78  ff.;  93  (1938),  p.  112  ff. 

224  0.  Soteriu,  " Palaiachristianike  Basilike  IUbou",  in:  Ephemeris,  1919,  p. 
1  ff.;  1929,  p.  208  ff. 

A.  Orlandoa,  "Une  basiliquo  pal^ocliretienne  en  Locride",  in:  Byzantion,  V 
(1929/30),  p.  207  ff.;  Soteriu,  Ephemeris,  1929,' p.  207  f. 

226  Soteriu,  Ephemeris,  1929,  p.  206,  Fig.  37;  Praktika,  92  (1937),  p.  78  ff.;  93 
(1938),  p.  112  ff.  In  oarlior  ])ublicationa  tlio  piers  are  indicated  as  beinj^  T-slia]K'(l 
with  free  standing  columns,  carrying  the  triumplial  arch,  a  reconstruction  disprovetl 
by  later  excavations. 
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silica  only  strong,  square  foundation  walls  are  preserved  instead 
of  these  piers,  yet  the  shape  of  tlieso  very  foundation  walls 
makes  it  clear  that  the  piers  must  have  bcoii  cross  shaped."^  In 
both  these  churches,  comparatively  small  openings  lead  from 
the  aisles  into  the  transept  wings.  At  Nikopolis  it  is  a  single 
arch,  almost  like  a  door ;  in  the  Ilissos  church  it  is  a  double  arch, 
yet  with  rather  narrow  openings.  In  both  these  churches  the 
center  bay  of  the  transept  was  segregated  from  the  wings  and 
from  the  nave  by  choir  screens,  remnants  of  which  have  been 
excavated.  At  Nikopolis  a  set  of  beautiful  mosaics  covers  the 
wings  of  the  transept  and  the  nave,  while  the  center  bay  of  the 
transept  and  the  aisles  evidently  had  a  plain  pavement.  The 
few  remnants  in  the  Ilissos  basilica  point  to  a  similar  arrange- 
ment of  the  pavement  decoration.  In  the  Ilissos  church  the 
center  bay  forms  a  wide  oblong  and  the  wings  long  rectaiiglt's, 
thus  bringing  the  short  walls  of  the  transept  into  line  with  the 
walls  of  the  aisles.  Along  the  short  sides  of  the  transei)t  and 
the  E.  end  of  the  aisles,  other  narrow  rooms  are  atlded,  possibly 
lower  parekklesiai.  At  Arkitsa  this  arrangement  has  been 
slightly  changed:  the  center  bay  is  wider  than  the  nave  and  the 
wings  protrude  slightly  beyond  tlie  aisles,  thus  creating  a  ])lan 
which  corresponds  perfectly  to  that  of  S.  Pietro  in  Vincoli. 
Finally,  at  Nikopolis  A  the  center  bay,  as  well  as  the  transept 
wings,  is  almost  square  and  the  wings  protrude  considerably 
beyond  the  walls  of  the  aisles  (Fig.  16). 

It  is  evident  that  these  three  churches  form  one  closely  re- 
lated group,  and  that,  in  turn,  they  are  closely  tied  up  with  S. 
Pietro  in  Vincoli  in  its  final  stage.  The  existence  of  a  tripartite 
transept  is  evident  here  and  there,  and  it  is  likewise  evident  that 
in  S.  Pietro  in  Vincoli,  as  well  as  in  this  group,  the  oblong  center 
bay  is  marked  off  as  a  kind  of  forechoir  arranged  in  front  of 
the  apse.  Of  course,  it  cannot  be  established  whether,  in  the 
Greek  churches,  the  piers,  which  protrude  from  the  corners  of 
the  center  bay,  terminated  straight  at  the  top  of  the  transept 
wall,  as  was  the  case  at  S.  Pietro  in  Vincoli,  or  whether  they 
carried  an  arch  which  would  have  been  eith«  i'  as  high  or  slightly 
lower  than  the  triumphal  arch.  AVlieth^T  oii'*  or  the  other  solu- 
tion is  chosen  for  the  reconstruction,  the  type  at  any  rate  closely 

227  Tlierc  .  rns  t*.  no  reason  for  assuming  the  exist'-nce  of  a  dome  over  the 
center  baj  as  is  done  bj  Soterio,  "op.  cit.",  EphemerU,  1919,  p.  1  ff. 
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resembles  S.  Pietro  in  Vineoli  in  its  final  stage,  unless  at  S. 
Pietro  in  Vineoli  there  were  still  in  this  final  stage  arcades  con- 
necting the  E.  and  W.  piers  and  thus  accentuating  the  separation 
of  the  center  bav  from  the  wins:?. 

Churches  with  arcades  of  this  type^  either  without  or  with 
upper  walls  with  openings  and  thus  resembling  S.  Pietro  in 
Vineoli  in  its  first  project,  existed  also  in  Greece.  An  edifice  of 
this  plan  has  been  excavated,  for  example,  in  basilica  B  at  Nikop- 
olis  (Fig.  17).*"  The  nave,  instead  of  being  flanked  by  only 
two  aisles,  has  four.  But,  as  at  S.  Pietro  in  Vineoli  and  at 
Nikopolis  A,  it  runs  into  a  tripartite  transept  which,  however, 
does  not  protrude  beyond  the  outer  aisles.   Of  course,  it  cannot 


FlO.  17.    Nikopolis  B,  plan  (Soteriu,  Ephemeris,  1929,  Fig.  33). 

be  ascertained  whetlier  the  traiisejit  was  really  as  high  as  the 
nave  and  whether  its  wings  were  as  liigh  as  its  center  bay.  Yet 
it  is  certain  lliat  tliere  existed  a  center  bay  and  two  transept 
wings;  that  the  center  bay  t'orined  a  transverse  oblong  while  the 
wings  were  longer  than  wide;  and  that  the  wings  were  separated 
from  the  center  bay  by  an  arcade  of  three  arches  which  were 
carried  by  two  square  marl)le  piers.  There  is  no  way  of  deter- 
mining exactly  the  shape  of  the  piers  at  the  corners  between 
nave  and  transept.  The  excavation  did  not  lead  to  any  definite 
results  on  that  point.  What  is  well  preserved  is  the  arrange- 
ment of  the  choir  screens,  and  this  arrangement  reveals  clearly 
the  use  of  the  different  parts  of  the  transept.    The  center  part 

22S  G.  Soteriu  and  A.  Oilandos,  "Anaskapliai  Nikopoleos"  in:  Praktika  Ar- 
ehaeologikes  HetaiHas,  85  (1930),  p.  79  ff.;  A.  Philadelpheus,  in:  Deltion  Chris- 
iianikes  Eetairias,  IV  (1928),  p.  46  flf.;  Soteriu,  Ephemeris,  1929,  p.  200  IF. 


Copyrighted  material 


S.  PIETRO  IN  VINCOU  AND  TRIPARTITE  TRANSEPT  421 


is  completely  taken  up  by  tlie  ehoir  proper,  while  in  the  win^»:s 
choir  screens  run  at  a  distance  of  only  1.9U  ni  alonir  their  E. 
walls.  The  whole  choir  screen  thus  results  in  a  strongly  pro- 
jeetiiiLC  center  part  and  in  receding'  lateral  parts  in  the  wings,  an 
arrangement  very  siiiiilai"  indeed  to  the  one  traced  at  S.  Pieti"o 
ill  Vincoli.--"^  Other  choir  screens,  one  of  them  with  an  entrance 
clearly  preserved,  separate  the  transe])t  wings  from  the  aisles. 

Closely  related  to  this  basilica  B  at  Nikopolis  is  a  church  ex- 
cavated at  Epidauros.^^"  Again  the  nave  is  flanked  by  two  aisles 
on  either  side,  but  the  transept  is  divided  into  five  instead  of 
three  parts,  an  oblong  bay  and,  as  it  were,  four  transept  wings, 
two  on  either  side.  The  center  bay  and  the  inner  wings  are 
separated  by  a  double  arcade  supported  by  one  column  in  the 
middle;  the  two  outer  wings  are  separated  by  triple  arcades 
resting  again  on  columns.  Also  significant  is  the  arrangement 
of  the  choir  screens  and,  closely  connected  with  it,  the  distribu- 
tion of  the  mosaic  floors.  The  apse,  the  center  bay,  and  the 
inner  wings  of  the  transept  evidently  belong  together  since  they 
aro  separated  from  the  nave  and  from  the  inner  aisles  })y  screens 
and  are  laid  out  with  large  flagstones.  The  outer  wings  con- 
nect with  the  outer  aisles  onlv  bv  doors  and  have  a  T>avcnicnt  of 
small  flagstones.  Only  the  floor  of  the  nave  is  covered  with  a 
mosaic. 

A  very  similar  arrangement  existed  a  third  time,  in  the 
l>asilica  w^hich  the  American  School  at  Athens  has  uncovf-rr-d  at 
Corinth."'    Again  the  transept  is  clearly  separated  from  the 
nave,  again  the  center  part  is  wider  than  it  is  long,  while  the 
wings  are  longer  than  they  are  wide.   Again  center  bay  and 
wings  are  separated  from  one  another  by  arcades,  although  at 
Corinth  these  arcades  consisted  of  only  two  arches  resting  on 
one  center  pier.   Again  the  choir  screens  mark  oflf  the  whole 
center  bay  as  an  elongated  chancel.   The  piers  between  navft 
and  transept  are  definitely  cross  shaped,  exactly  like  thoM*^  at 
S.  Pietro  in  Vincoli  and  contrary  to  those  in  the  church  in  Kpi- 
dauros  where  they  seem  to  have  been  oblong  in  shape.  LniiK* 

See  above,  p.  392  f. 

»«P.  Kabbadia,  "Anaskaphai  en  Epidauro",  in:  Ephemeris,  1918,  p-  1"  ^ 
S(4eriu,  Ephemeris,  1929,  p.  198  flF.;  idem,  He  basilike  tea  EpidauroO 
Praktika  Akademins  Athmon,  IV  (1929),  p.  91  flf. 

231 B.  Carpenter,  "EesearcLes  in  the  topography  of  ancient   Oori*^  t 
American  Journal  of  Arohaology,  II  ser.,  33  (1929),  p.  345  ff.;  Soterio,  Ef^""  * 
1929,  p.  127  f.;  J.  De  Waele,  in:  Atii  del  III  Congresso,  p.  371  ff. 
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Epidauros  and  Nikopolis  the  nave  is  flanked  by  only  two 
aisles,  but,  as  in  these  churches,  the  aisles  open  in  a  double  arcade 
towards  each  of  the  transept  wings.  Two  small  chambers  east 
of  the  transept  wings,  evidently  pastophories,  completed  the 
plan.  The  manner  in  which  they  are  joined  to  the  transept  walls 
makes  it  slightly  doubtful  whether  they  belong  to  the  original 
building.*" 

This  second  group  of  churches  in  Greece  sc'i)arates  the  center 
hay  from  the  transept  wings  by  means  of  arcades,  as  must  have 
been  the  case  in  the  first  project  of  S.  Pietro  in  Vincoli  and  was 
possibly  still  a  feature  retained  in  a  second  stage  wliicli  had 
discarded  the  upper  walls  with  their  openings.  Wliether  any  of 
these  churches  in  Greece  had  upper  walls,  with  openings,  risini-' 
from  the  arcades,  as  was  the  case  in  the  first  project  of  S.  Pietro 
in  Vincoli,  cannot,  of  course,  be  ascertained  since  only  their 
foundation  walls  were  found ;  nor  can  it  be  established  whether 
such  upper  w^alls,  if  they  existed,  were  pierced  by  openings  as 
was  the  intention  in  the  first  project  of  S.  Pietro  in  Vincoli. 

It  is  quite  evident  that  these  two  groups  of  churches  are 
closely  related  to  one  another  and  that  S.  Pietro  in  Vincoli,  in 
turn,  is  closely  related  to  both  these  groups  in  its  successive 
stages.  Yet  certain  differences  between  the  two  Greek  groups, 
although  only  slight,  might  be.  worth  mentioning.  While  the 
group  with  arcades  between  center  bay  and  transept  wings,  as 
a  rule,  has  four  aisles,  the  other  group  has  only  two.  While  in 
the  first  group,  the  transept  wings  usually  do  not  project  beyond 
the  aisles,  they  do  so  in  the  second  group,  except  in  the  Ilissos 
basilica.  These  differences  may  become  important  in  discussing 
the  origin  of  the  tripartite  transept. 

Unfortunately,  neither  the  first  nor  the  second  group  of  those 
basilicas  in  Greece  is  definitely  dated,  although  it  is  generally 
agreed  that  most  of  them  are  of  the  V  century.  At  Nikopolis 
A,  the  style  of  the  mosaics,  as  well  as  their  inscriptions  which 
refer  to  a  bishop  Dumetios,  seem  to  point  to  the  second  half  of 
the  V  ('(Mitury.^^*    In  basilica  B  at  Nikopolis  an  inscription  in  a 

23-  11m'  linsilica  pxfavated  :it  Doflona,  Soteriu,  Ephemrris,  1929,  p.  203  f..  hclnnpis 
in  the  same  group  with  the  one  difference  that  the  transept  wings  end  in  ai)8e8  thus 
giving  the  E.  end  of  the  edifice  the  shape  of  a  triconch.  Soteriu  is  probably  right  in 
dating  the  edifice  into  the  i)eriod  of  Justinian,  about  the  middle  of  the  VI  cetntnry. 
It  seems  to  be  a  late  derivative  of  the  type  discussed. 

288  Soteriu,  EpJicmcris,  1929,  passim. 

284  Philadelpheus,  *'op.  cit.**,  in:  Ephemeris  (1916),  p.  65  ff.,  and  Soteriu, 
Ephemerig,  1929,  p.  206  ff. 
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small  lateral  chapel  inentioiis  a  bishop  Alkision  and  this  gives 
the  years  491-518  as  a  terminus  ad  for  the  chapel  "^'^  and  conse- 
quently as  a  terminus  ante  for  the  main  church.  Arkitsa  is 
dated  by  Orlandos  in  the  early  V  century;  Corinth  by  de 
Waele  in  the  late  IV  or  early  V  century.-'^  The  Ilissos  basil- 
ica may  be  either  from  the  beginning  of  the  V  century  or  pos- 
sibly a  few  decades  later.^""  At  any  rate,  the  V  century  seems 
to  include  all  of  the  buildings  in  this  group  with  the  possible  ex- 
ception of  the  church  in  Dodona"**  which  may  belong  to  the 
middle  of  the  VT  century.  The  date  of  the  Greek  churches 
would,  therefore,  be  in  complete  conformity  with  that  of  S. 
Pietro  in  Vincoli.  They  cover  a  territory  reaching  from  the 
Peloponnesos  to  Epirus  and  evidently  form  one  of  the  common 
typos  of  Early  Christian  architecture  in  Greece  during  the  V 
century. 

Outside  Greece  only  one  isolated  instance  of  such  a  church 
is  preserved  in  church  I  at  Bosra,  in  Syria."^^  The  forechoir 
forms  a  transverse  oblong,  the  ti  ansept  wings  long  receptacles. 
The  main  piers  are  cross  shaped.  It  remains  doubtful  whether 
the  wings  were  separated  from  the  forechoir  by  a  double  ar- 
cade or  merely  opened  in  one  wide  and  tall  arch  towards  it. 
As  in  Corinth,  small  pastophories  are  added  to  the  E.  walls  of 
these  transept  wings.  Yet  a  uniform  group  of  the  type  seems  to 
exist  only  in  the  Greek  churches  and  at  S.  Pietro  in  Vincoli. 
The  latter  is  undoubtedly  closely  tied  up  with  this  Greek  group 

«86  Ihidem,  p.  20],  n.  1. 
M«  Orlandos,  op.  ext.,  p.  207  ff. 
De  Waele,  op.  eit.,  p.  380  f . 

M8  The  remnants  of  a  capital  found  in  the  little  memorial  chapel  to  the  right  of 
the  right  aisle  are  dated  by  R.  Kautzsch,  Kapitellstudien,  Berlin  and  Leipsic,  1936, 
p.  130  f.,  not  into  the  early  V  century  but  as  late  as  the  last  quarter  of  the  V  cen- 
tury.  Since  we  do  not  know  anything  abont  the  original  place  of  the  capital  this 

need  not  cliange  the  date  of  the  ehurch.  The  other  capitals  which  miglit  have  come 
from  this  basilica,  now  at  the  Museum  of  Corinth,  have  actually  no  definitely  known 
provenance  and  may  come  from  any  of  the  many  churches  in  Corinth  (Kautzsch,  op. 
eit.,  p.  75). 

=36  Sotcriu,  "op.  eit.",  in:  EphemeriSf  19l9,  p.  1  ff.,  gives  it  the  earlier  date. 

2*0  See  above,  ii.  232. 

241  Butler,  Early  Churches,  p.  118  f.  The  church  is  not  dated.  In  the  latest 
iwne  of  the  Jahrlmch  de»  Deut»ehen  ArcMologimshen  IntiiiuU,  54  (1939),  Are^- 
ologischer  Ameiger,  mention  is  made  of  an  excavation  near  the  Top  Kapu  Saray  at 
Constantinople  where  renmants  of  a  church  were  found  containing  a  transept  which 
from  the  aisles  was  accessible  only  by  doorways. 

242  As  Bntler,  l.e.,  assumed;  no  traces  of  such  a  double  arcade  have  been  found, 
however,  as  Bntler  himself  admits. 
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of  buildings,  and  since  its  transept  t^-pe  is  iini(iiie  in  Rome,  while 
common  in  Greece,  there  is  hardly  any  reason  to  doubt  that  the 
type  was  imported  into  Rome  from  the  Greek  peninsula.  Since 
Greece  was  under  the  jurisdiction  of  the  Roman  See  from  the 
eaj-ly  TV  century  to  the  end  of  the  V,^"  it  is  not  astonishing  to 
find  such  close  interrelations. 

Only  a  suggestion  can  be  made  as  to  the  origin  of  this  type.*** 
The  manner  in  which  the  wings  are  separated  from  the  center 
bay  by  piers  or  arcades,  the  manner  in  which  they  are  differen- 
tiated from  the  center  bay  by  the  arrangement  of  the  screens 
and  by  the  layout  of  the  pavements,  the  way  in  which  they  com- 
municate with  the  aisles,  frequently  only  by  doors,  and  in  which 
sometimes  they  are  separated  from  them  by  screens,  all  manifest 
that  they  are  intended  to  form  segregated  rooms  which  flank  the 
center  bay.  On  the  other  hand,  the  center  bay  is  likewise  clearly 
marked  otT  as  a  forechoir.  This  recalls  the  manner  in  which  in 
churches  in  Syria  and  else\vliei*e  throuirhout  the  Near  Flast  and 
North  Africa,  apse  and  forechoir  are  fre(]nently  flanked  by  two 
small  square  side  chambers,  the  pastupliories. 

It  would  lead  much  too  far  to  go  into  the  (piestion  of  the 
origin  of  the  pastophories  or  into  the  question  of  their  develop- 
ment or  of  their  liturgical  use ;  they  must  have  been  some  kind 
of  sacristies,  one  of  which,  the  prothesis,  was,  at  least  from 
the  V  century  on,  used  for  preparing  the  Eucharist.  In  the  rV^ 
and  far  into  the  V  centuries  they  are  frequently  just  square  side 
chambers  which  flank  the  apse  and  which  are  accessible  only  by 
doors  from  the  aisles.^*'  But  from  the  early  V  century  on,  new 
types  of  pastophories  are  introduced  beside  the  old  ones.  In 
some  instances  one  or  both  of  the  pastophories  became  elongated 
so  as  to  protrude  far  beyond  the  outer  walls  of  the  aisles ;  con- 
sequently in  groundplan  these  pastophories  sometimes  resemble 
a  tripartite  transept.    Such  is  frequently  the  case  in  North 

243  Duchesno,  ChriMian  Worship,  p.  41  f. 

244  This  same  idea  must  be  in  the  minds  of  the  Greek  archwologists.  Whenever 
they  speak  of  these  transept  wings,  they  call  them  pastophories,  but  without  giving 
any  reasons  for  it.  Kvidontly  to  nnyonc  niised  in  the  rites  of  the  Greek  church,  two 
rooms  flanking  a  choir  are  just  pastophories. 

246  Syria:  Fafirtin,  372;  Babiska,  401;  Dar  Kita,  418;  Kirbet  Hasan,  507; 
Eirbet  Tezin,  585.  Transjordani;! :  Gerasa,  Cathedral,  about  375;  Gerasa,  Church  of 
the  Martyrs  and  Apostlos.  404-65.  Nortli  Africa:  Tinirriid,  Great  basilica,  early  V 
century  (?)  ;  Khaniissa,  VII  century  (f).  Europe:  Salonica,  E.ski  Djuma,  early  V  cen- 
tury; Bavenna,  S.  Apollinare  in  Classe,  about  530,  and  numerous  others. 
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Africa-**  and  occasionally  in  Syria.-"  At  Scrdjilla  there  is 
even  an  anteroom  arranged  in  front  of  these  protruding  pas- 
tophories.  The  reason  is  evidently  to  create  more  sjjace  for 
liturgical  purposes.  In  other  structures,  possibly  at  a  slightly 
later  date,  the  enti-ances  to  the  paslophories  are  altered,  again 
probably  in  connection  with  a  change  in  liturgy.  They  either 
connect  one  of  the  side  chambers  with  the  aisle  and  the  other 
^rith  either  the  apse  alone  or  with  both  apse  and  aisle,-'''  or 
else  both  side  chambers  communicate  with  the  aisle  as  well  as 
with  the  apse."" 

At  the  same  time,  however,  an  even  iiiore  important  develop- 
ment takes  place ;  the  chancel  is  elongated  so  as  to  create  a  fore- 
choir  in  front  of  the  apse.  Consequently  the  pastophories  be- 
come either  elongated,  so  as  to  flank  not  only  the  apse  but  also 
the  forechoir,  or  anterooms  are  arranged  in  front  of  the  pas- 
tophories so  as  to  flank  the  forechoir ;  or  the  pastophories  in- 
stead of  flanking  the  apse,  are  pushed  forward  so  as  to  occupy 
the  last  bay  of  the  aisle  and  to  flank  the  forechoir  only,  with  which 
they  conmiunicate  through  doorways."'  This  arrangement  with 
forechoir  seems  to  occur  frequently  throughout  the  Christian 
world,  in  Syria,  in  Egypt  ( Hammam  el  Farki  and  East  church, 
Serre),-''  in  Greece  (Hypate in  the  V  and  VI  centuries,  and 
also  in  Rome,  and  here  at  a  vei'y  early  date;  at  S.  Lorenzo  in 
Lucina  which  is  about  contemporaneous  with  S.  Pietro  in  Vin- 
coli,  the  forechoir  is  flanked  at  least  on  one  side  by  what  seems 
to  have  been  a  pastophory."" 

More  important  than  these  different  types  of  pastophories  is 
perhaps  a  variant  of  this  pattern  of  an  elongated  forechoir 

Gsoll,  07?.  cit.,  p.  142,  gives  a  list  of  19  churches  in  which  either  one  or  both 
sacristies  project  beyond  the  aisles. 

247  Bntler,  Early  Churches,  p.  130  f .  (Hass,  South  church)  ;  p.  67  (Kalota,  East 
church,  dated  492)  ;  p.  210  (Rurdj-Hedar,  West  church)  and  others. 

248  Gsell,  op.  cit.,  p.  176  (Bcnian,  dated  434-439)  ;  p.  207  (Kherbet  Guidra,  dated 
444) ;  Butler,  Early  Churches,  p.  91  (II  Karis)  ;  p.  122  (Zorah,  dated  515). 

240  Frequent  in  Syria,  Butler.  Enrlji  Cli  iirrhrs,  ]):is3im,  for  example,  p.  49  f. 
(Ksedjbeh,  dated  414)';  p.  47  (Um-is  Sur:ib,  dated  489). 

250  Frequent  in  North  Africa,  Gsell,  op.  cit.,  p.  232  (Morsott)  j  p.  267  (Tebessa) 
and  in  Syria,  Butler,  Early  Churches,  p.  125  (Bosra,  dated  512)  ;  p.  163  f .  (It  Tuba, 
dated  588).  The  arrangement  appears  also  in  Egypt,  in  the  Balkans,  and  in  Asia 
Minor. 

251  Butler,  Early  Churches,  p.  29  f.  (Simkhar)  ;  p.  59  f.  (Sordjibleh) . 

iM  Ibidem,  p.  71  ff.  (Kalb  Louzeh,  dated  about  480) ;  p.  12")  flf.  (Bosra,  cathedral, 
dated  512);  p.  81,  190  (II  Anderin.  St.  Michael  ;iiid  St.  (Jabii.>I). 

258  E.  S.  Clarke,  Christian  Antiquities  in  the  Nile  Valley,  Oxford,  1912,  p.  59  flf. 

254Soteriu,  Ephemeris,  1929,  p.  186  ff. 

258  Krantheimer  and  Frankl,  op.  cit.,  p.  388  ff. 
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flanked  by  side  eliainl)crs  which  occurs  in  a  group  of  churches  in 
Cilicia  and  elsewhere  in  Asia  Minor.  In  this  group  the  rooms, 
which  occupy  the  last  ])ays  of  the  aisles  and  thus  flank  the  fore- 
choir,  are  not  secluded  by  walls  as  are  the  pastophories  men- 
tioned before.  They  open  towards  both  the  aisles  and  the  fore- 
choir  with  wide  arches,  thus  creating  an  arrangement  which  in 
groundplan  resembles  a  tripartite  transept  w^ith  a  wide,  but 
rather  shallow  center  bay  and  square,  but  small  wings.  Such 
is  the  plan  of  the  cathedral  of  Korykos  which  is  dated  either 
429  or  533,^"  in  basiUca  IV  at  Kanytelideis,"*  in  Giil  Bagtsche 
near  Izmir,'"  and  in  the  so-called  "transept  basilica"  at  Kory- 
kos.'*"*  In  Anatolia,  basiKca  XXXII  at  Bin-Bir-Kilisse  shows 
a  similar  arrangement  and  so  did  the  church  of  our  Lady  of  the 
Hundred  Gates  at  Paros  in  its  first  stage.^®'  In  both  of  them  the 
last  bay  of  each  aisle  is  set  apart  by  the  use  of  a  pier  ditTerent 
from  those  employed  in  the  nave  and  is  thus  marked  off  as  a 
special  unit.  Later,  in  611,  the  pattern  appeared  in  Trans- 
jordania,  in  the  church  of  bishop  Genesius  at  Gerasa.-®^  It 
spread  towards  North  Africa  where  it  is  found  at  Henchir  el 
Atech,-"'  and  possibly  in  the  churches  of  the  White  Convent 
(Der-el-Abiad),  about  450,  and  of  the  Red  Convent  (Der-el- 
Akhmar),  a  few  decades  later,  both  near  Sohag  in  Egypt;  in  the 
latter  two,  the  three  bays,  which  are  arranged  at  the  end  of  the 
nave  in  front  of  the  triconch,  should  in  all  likelihood  be  inter- 
preted as  a  forechoir  flanked  by  two  wide  open  "transept  pas- 
tophories''.'•°   Again  the  same  arrangement  existed  in  the 

E.  Uorzfeld  and  S.  Guyer,  Meriamlik  und  Korykos  .  .  .  ,  Mandu'ster,  1930, 

passim. 

2S7  Kautzsch,  op.  dt.,  p.  93. 

(^..  Ti.  Bell,  "Notes  on  a  journey  through  Cilici.-i  .  .  ."  in:  Rrvuc  Archco- 
logiquc,  s6r.  IV,  VI  (1906),  p.  409;  J.  Strzygowski,  Kleinasien  .  .  .  ,  Leipsic,  1906, 
p.  54,  Figs,  40,  41;  J.  T,  Bent,  **A  Journey  in  Cilicia  Tracheia'*  in:  Journal  of 
Hellenic  Studies,  XII  (1891),  p.  206  ff. 

-■'^  G.  Weber,  "Basilika  und  Baptisterium  in  Qul-bagtschd",  in:  Byaantinis^e 
ZcUschrift,  X  (1901),  p.  570  flf, 

2«o  Herzfeld  and  Guyer,  op.  cH..  p.  112  ft.,  date  the  edifice  at  the  end  of  the  VI 
century;  Kautzsch,  op.  cH.,  ]•.  Si),  (l.itc^  if  in  the  first  half  of  the  VI  century. 

-^01  W.  B.  Bamsay  and  G.  L.  Bell,  Xhe  Thousand  and  one  churches,  London,  1909, 
p.  209  ff. 

2«2H.  H.  Jewell  and  F.  W.  Hasluck,  Our  Lady  of  the  Hundred  Gates,  London, 
1920. 

^fi-!  J.  W.  (•r()^vf(.ot,  (irnisii.  New  Haven,  1938,  p.  182  f.,  p.  249  ff. 

264  Gsell,  op.  cit.,  p.  170  ff.;  the  church  is  not  dated. 

205  tJ.  Monneret  de  Villard,  Les  convents  de  Sohag,  Milan,  1925  f .,  passim. 
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church  erected  inside  the  Erechtheuiii  at  Athens  in  the  VI 
century.-" 

In  groundplan  this  layout  resembles  very  much  the  center  bay 
and  the  wings  of  a  tripartite  transept,  and  sometimes  it  is  quite 
impossible  indeed  to  make  out  whether  or  not  it  is  actually  such 
a  tripartite  transept.  As  a  matter  of  fact,  it  has  been  frequently 
interpreted  as  a  transept,  for  example  in  the  ''transept  basilica'* 
at  Korvkos  where  the  church  has  even  been  named  from  this 
pattern.  Yet  this  interpretation  can  hardly  be  maintained  in 
every  single  case ;  first,  what  resembles  the  wing  of  a  transept  is, 
in  these  churches,  a  small  square  bay  which  in  its  interior  could 
hardly  have  reached  the  height  of  the  center  bay,  that  is,  of  the 


Fig.  18.  Kanytelideis,  Basilica  IV,  drawing  (J.  Strzygowski,  Klcinasien,  1904, 
Fig.  40). 

forechoir  and  of  the  nave.  If  it  had,  it  would  have  created  in 
the  interior  the  impression  of  an  extremely  narrow  and  tall 
shaft-like  structure.  One  would  assume  rather  that  this  bay 
was  either  lower  than  the  center  bay  in  its  exterior  as  well  as  in 
its  interior,  thus  resulting  in  a  dwarf  transept,  or  else  that  it  was 
subdivided  into  an  upper  and  a  lower  story,  thus  being  lower 
in  the  interior  while  corresponding  to  the  height  of  the  center 
bav  in  its  exterior.  Indeed  the  remnants  of  such  a  division  into 
two  stories  are  actually  preserved  at  Kanytelideis  where  the 
photographs  and  drawings  published,  clearly  show  lower  and 
upper  openings  leading  from  this  bay  at  the  end  of  the  aisles 
into  the  aisle  as  well  as  into  the  forechoir  (Fig.  18). 

286  G.  Ph.  Stevens,  J.  M.  Paton,  a.o.,  The  Erechthcum,  Cambridge,  Mass.,  1927, 
p.  492  £f. 
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Whether  such  an  arrangement  with  upper  stories  existed  in 
any  of  the  otlier  buiklinus  of  the  jjroup  can  no  k)nger  be  ascer- 
tained, since  in  none  of  them  enouiih  is  preserved  to  allow  for  a 
definite  statement.  But  the  arrjinnement  of  two-storied  tran- 
sept pasto])h()ries  at  Kanytelideis  o])ens  a  wide  pers])ective. 

On  the  one  hand,  this  solution  seems  to  be  related  to  the 
basilica  of  Kodja  Kalessi  in  Cilicia,  which  is  usually  considered 
a  typological  forerunner  of  the  Byzantine  domed  basilicas,  such 
as  H.  Irene  at  Constantinople,  although  chronologically  it  is  now 
dated  later.'**^  The  eastern  part  of  Kodja  Kalessi  with  a  square 
bay  in  front  of  the  apse,  surmounted  by  a  towerlike  structure, 
probably  with  a  wooden  roof,  not  a  stone  dome,  and  flanked  by 
two  bays  with  galleries  on  the  upper  stories,  the  emphasis  given 
to  the  center  bay  and  the  fact  that  this  center  bay  is  clearly 
marked  off  as  a  forechoir,  all  point  towards  a  close  relationship 
between  Kanytelideis  and  Kodja  Kalessi.  Since  neither  of 
these  two  structures  can  be  dated  with  any  denree  of  precision, 
the  exact  relation  cannot  be  clarified  at  present.  Botli  may  be 
representatives  of  types  which  had  existed  in  the  Near  East 
since  the  earlv  V  centurv.-" 

"While  this  connection  is  important  for  the  history  of  archi- 
tecture in  the  Near  East,  the  interrelation  between  the  type 
represented  by  Kanytelideis  and  the  type  represented  by  S. 
Pietro  in  Vincoli  and  by  the  related  group  of  Greek  churches 
becomes  decisive  for  our  problem.*®'  Evidently  the  transept 
pastoj^liories  have  grown  in  size  so  as  to  become  genuine  wings 
of  a  tripartite  transept;  yet  these  wings  are  clearly  marked  off 
from  the  center  bay  by  the  arrangement  of  an  arcade.  The 
existence  of  an  upper  wall  with  openings,  which  can  be  estab- 
lished at  least  for  the  first  project  of  S.  Pietro  in  Vincoli,  viewed 
in  the  light  of  this  excursion  into  the  problem  of  the  pastoph- 
ories,  appears  to  be  the  rudiment  of  an  upper  story  of  pas- 

267  C.  Ileadlam,  '  *  Ecflcsiastical  sites  in  Isauria",  in:  Journal  of  Hellenic 
Studies,  Supplementary  papers,  2  (1891),  p.  9  fF.,  dated  the  building,  which  he  was 
the  first  to  publish,  in  the  early  V  century;  Kautzsch,  op.  cit.,  p.  96,  dates  it  now 
after  the  middle  of  the  VT  rpTitnry.  basing  this  date  on  the  capitals. 

288  The  church  of  the  Crocelisso  at  Spoleto  in  Italy  seems  to  be  related  to  the 
type  of  Kodja  Kalessi;  while  it  has  no  galleries  over  the  bays  at  the  end  of  the 
aisles,  these  bays,  as  well  as  the  center  bay  with  its  domed  tower,  are  clearly  similar 
to  Kodja  Kalessi.  Since  Spoleto  seems  to  have  been  built  about  400,  this  would 
strengthen  the  above  mentioned  hypothesis.  See  A.  Salmi,  ' '  La  basilica  di  San 
Salvatore  .  .  .'Mn:  Dedalo,  H  (1921/22),  p.  628  ff. 

2e»  See  also  Soteriu,  Ephemeris,  1929,  p.  198. 
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tophories  of  the  type  preserved  at  Kanytelideis.  In  the  suc- 
cessive stai^es  of  8.  Pietro  in  Vincoli,  in  the  first  project  with 
upper  walls  and  openings,  and  in  the  following  stage  where  these 
upper  walls  with  their  openings  were  omitted,  and  possibly  also 
the  arcades  between  center  bay  and  wings  on  the  ground  floor 
were  discarded,  as  they  certainly  arc  at  Nikopolis  A  and  in  the 
related  Greek  basilicas  of  ditferent  types,  the  tripartite  transept 
was  created. 

It  should  be  emphasized  that  the  ditferent  types  discussed, 
pastophories,  intermediate  forms,  and  wings  of  the  tripartite 
transept,  need  not  have  followed  each  other  always  in  a  clear 
chronological  sequence.  What  occurred  was  evidently  that 
from  the  V  century  on,  a  general  attempt  was  made  to  enlarge 
the  pastophories  and  to  link  them  more  closely  to  the  aisles  and 
to  the  forechoir.  The  solutions  found  were  evidently  different 
in  different  regions,  and  what  seems  to  have  resulted  logically 
from  an  earlier  step  may  actually  have  been  an  independent  local 
solution.  The  different  types  of  pastophories  with  their  dif- 
ferent entrances,  the  transept  pastophories  with  and  without 
upper  stories,  the  forerunners  of  the  domed  basilicas,  and  the 
genuine  tripartite  transept  apparently  evolved  side  by  side.  It 
is  very  possible  that  this  last  pattern,  the  tripartite  transept,  in 
its  different  stages,  developed  either  in  Greece  or  at  S.  Pietro 
in  Vincoli  in  Rome  under  the  infhicnce  of  the  continuous  tran- 
sept which  had  been  so  common  in  the  Roman  basilicas  of  the  IV 
century.  The  Roman  prototype  of  St.  Peter's  or  S.  Paolo  f.l.m. 
may  easily  have  caused  the  transformation  of  a  pasto})hory  into 
the  Aving  of  a  tripartite  tran>»'ijt,  as  it  caused  at  the  same  time 
in  the  Near  Eastern  Coastlands  the  transformation  of  the  cross- 
shaped  memoria  into  the  churches  with  cross  transepts. 
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Abstract 

Sir  John  Bowring  (1792-1872),  most  commonly  remembered  as  the  friend  and 
literary  executor  of  Jeremy  Bentham,  was  "one  of  the  few  partisans  of  the  cultivation 
of  foreign  literatures  in  England",  according  to  R.  P.  Gillies,  who  knew  him  well.  A 
close  examination  of  Bowling's  contributions  to  the  study  of  the  poetry  of  the  Slavs 
confirms  the  truth  of  Gillies'  statement.  Besides  his  two  volumes  of  Specimens  of  the 
Russian  Poets,  Bowring  published  one  each  of  translations  from  Polish,  Serbian  and 
Czech.  At  least  three  of  these  won  quick  popularity,  and  the  Russian  volume  was  widely 
circulated  in  the  United  States,  where  selections  from  it  were  generously  reprinted  in 
readers  for  the  Fifth  and  Sixth  Grades.  Bowring's  most  popular  translatif)n  was  that  of 
the  poem  God  by  the  Russian  courtier  Derzhavin;  this  was  reprinted  in  two  generations 
of  American  readers. 

Bowring's  interest  in  Slavonic  poetry  arose  as  a  natural  concomitant  of  the  Utili- 
tarian philosophy  of  his  master  Bentlmm.  He  desired  earnestly  to  do  his  part  in 
ushering  in  Bentham's  ideal  world,  wherein  "the  greatest  possible  good"  should  be 
guaranteed  to  "the  greatest  number  of  people".  In  harmony  with  this  purpose  and 
contributorj'  to  its  fulfillment,  Bowring  early  conceived  the  desire  to  become  a  peddler  of 
poetry;  while  his  countrymen  denounced  this  race  or  that  as  barbarian,  he,  John  Bowring, 
would  publicize  the  poetry  of  even  the  least  likely,  so  that  none  could  with  justice  be 
called  uncultivated.  "I  have  never  left  the  ark  of  my  country",  he  said,  "but  with  the 
wish  to  return  to  it  bearing  fresh  olive  branches  of  peace  and  fresh  garlands  of  poetry." 

Living  in  the  very  "springtime  of  the  Slavs",  the  early  19th  century,  Bowring 
carried  on  a  Uvely  correspondence  with  eminent  Slavonic  scholars.  While  his  method 
was  that  of  a  d^letUlnt^'  and  evoked  many  quips  and  sallies  from  liis  countrymen,  one  must 
admit,  nevertheless,  with  the  Edinburgh  Review,  that  "He  circulates  the  produce  of 
thought,  varies  our  intellectual  banquets,  teaches  us  that  some  accession  to  our  store 
may  be  derived  from  those  quarters  whicli  we  had  legarded  as  the  most  sterih*  and 
unpromising  and  thus  adds  another  Unk  to  the  chain  of  social  and  friendly  feeling  which 
should  bind  man  to  his  fellows."  * 

The  present  study  is  the  first  serious  appraisal  of  Bowring  as  he  appeared  to  his 
oontemporaries,  both  English  and  Slavonic. 

I 

In  1843,  twenty  years  after  the  publication  by  John  Bowring 
(1792-1872)  of  the  second  volume  of  his  Specimem  of  the  Russian 
Poeis,  the  first  in  a  famous  series  of  translations  from  the  Slavonic,^ 
Thomas  B.  Shaw  accused  Bowring  of  ''gross  unfaithfulness^'  to 
the  original  text  of  the  poems  he  claimed  to  translate.  Shaw 
branded  Bowring's  carelessness  "the  less  excusable,  as  the  verses 
in  question  present  nothing  in  style,  subject,  or  diction,  which 

1  Specimens  of  the  Russian  Poets,  Vol.  I,  London,  1821,  Vol.  II,  1823;  Servian  Popular 
Poetry,  1827;  Sjteeimens  of  the  Polish  Poets,  1827;  Cheskian  Anthology,  1832. 
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should  offer  the  smallest  difficulty  to  a  translator.*"  What  Shaw, 
who  knew  Russian  thoroughly  himself,  meant  to  imply  was  that 
Bowring's  knowledge  of  the  Russian  language  was  inadequate  for  a 
translator. 

Shaw  might  have  pointed  out,  had  he  wished,  an  inadequacy 
no  less  grave  in  Bowring's  knowledge  of  Polish,  Serbian  and  Czech. 
Yet  this  remarkable  man  published,  besides  the  two  volumes  of 
Russian  SpecimenSf  one  each  of  Polish,  Serbian  and  Czech.  Of 
these  at  least  three  won  quick  popularity.  The  Russian  volume 
was  widely  circulated  in  America  and  its  selections  reprinted  in 
American  readers,^  and  all  five  anthologies  sold  well  enough  to 
net  their  compiler  a  financial  profit. 

How  did  Bowrin^  do  it?  And  how  did  his  contemporaries 
regard  him  as  a  translator  of  Slavonic  poetry? 

John  Bowring's  ruling  purpose  as  he  reached  maturity  was  to 
make  elTectiNc  (lie  Utilitarian  philosophy  of  his  master,  Jeremy 
Bentham.  He  desired  earnestly  to  do  his  part  in  ushering  in 
Bentham's  ideal  world,  wherein  ''the  greatest  possible  good" 

'Thuinus  B.  Shaw,  Introduction  to  a  translation  of  Amnldt  Bek,  Blackwood's 
Magazine,  LI  1 1,  Mar.  1843.  p.  283.  Shaw,  a  Cambridge  University  M.  A.,  wa?  in  1843 
Adjunct  Professor  of  English  Literature  in  the  Imperial  Lyceum  of  Tsarskoe  Selo. 

•The  most  popular  volumes  were  the  two  Russian  and  the  Serbian.  Sdections 
from  the  Russian  volume  were  leprinted  almost  at  once  in  the  Rev.  John  Pierpont's 
American  First  CUi.ss  Book  in  Rcadinci  and  Recitntion,  Boston,  June,  1823,  a  book  whioli 
was  immediately  adopted  for  use  in  the  public  schools  of  Boston.  The  following  Bowriug 
translations  were  used  in  this  work: 

1.  Lomonosov:  "The  Lord  and  the  Judge",  p.  93. 

2.  Khemnitzer:  "The  House-Builder",  pp.  93-94. 

3.  Khemnitzer:  "The  Rich  Man  and  the  Poor  Man",  pp.  378-379. 

4.  Dmitriev:  "Lines  written  during  a  Thunderstorm",  p.  96. 

5.  Derzhavin:  "The  Waterfall",  pp.  366-367. 

6.  Derzhavin:  "God",  pp.  475-478. 

7.  Karamzin:  "The  Churchyard",  pp.  377-378. 

8.  Krylov:  "The  Ass  and  the  Nightingale",  pp.  467-468. 

9.  Boi)rov:  "Address  to  the  Deity",  pp.  469-471. 

The  two  most  popular  Bowring  translations  were  those  of  Derzhavin's  "God"  and 
Karamzin's  "The  Churchyard  '.  These  were  often  reprinted  in  readers  for  at  least  a 
generation.   A  few  such  reprintings  are  the  following: 

Of  "God": 

1.  Arethusa  Hall,  Literanj  Render,  Boston,  1851,  pp.  406-408. 

2.  Epes  Sargent,  Standard  Fi/th  Reader,  Boston,  1856,  pp.  153-155. 

3.  G.  S.  Hilliard,  Sixth  Reader,  Boston,  1865,  pp.  372-373. 

4.  Marcus  Willson,  United  States  Series,  New  York,  1872,  p.  364  [in  part]. 

5.  C.  W.  Sanders,  Fifth  Reader,  New  York,  1868,  pp.  162-165. 

Of  '-The  Churchyard": 

1.  Lucius  Osgood,  Progressive  Fifth  Reader,  Pittsburgh,  Pa.,  1858,  pp.  210-211. 

2.  G.  S.  Hilliard,  op.  cit.,  pp.  372-373. 

3.  Marcus  Willson,  op.  cit.,  pp.  107-108. 
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should  be  guaranteed  to  '^the  greatest  number  of  people".  In 
harmony  with  this  purpose,  and  contributory  to  its  fulfillment, 
Bowring  early  conceived  the  desire  to  become  a  peddler  of  poetry ; 
while  his  countrymen  denounced  this  race  or  that  as  barbarian,  he, 

John  Bowring,  would  pul)li('ize  the  poetry  of  even  the  least  likely, 
so  that  none  could  with  justice  continue  to  be  called  uncultivated. 

have  never  left  the  ark  of  my  country",  he  wrote,  "but  with  the 
wish  to  return  to  it  bearing  fresh  ohve  brandies  of  peace  and  fresh 
garlands  of  poetry.^" 

It  was  during  the  Slavonic  renaissance  of  the  early  XIX th 
century,  in  the  very  "sprinj^time  of  the  Slavs",  that  Bowring  left 
"the  ark  of  his  country"  for  the  first  time  and  it  was  this  excursion 
that  gave  him  his  start  as  a  peddler  of  verse. 

Visiting  Russia  as  a  young  merchant  in  the  winter  of  181^1820, 
Bowring  found  the  Slavonic  world  buoyant  with  poetic  vitality 
and  eager  to  have  its  literary  wares  peddled  abroad,  especially  in 
England.  The  fact  that  he  knew  only  a  smattering  of  Russian 
picked  up  from  a  German  text,*  did  not  stand  in  Bowring*s  way. 
He  filled  his  pack  with  paraphrased  versions  in  English  and  German 
of  Russian  poems  which  his  friends  in  St.  Petersburg  selected  for 
him  and  hastened  home  to  publish  its  contents,  turned  by  himself 
into  English  verse,  under  the  title  Specimens  of  the  Russian  Poets. 

Hardly  had  this  volume,  which  Bowring  himself  admitted  was 
in  the  nature  of  a  taster",  come  from  the  press  than  the  London 
Magazine  gave  it  a  fine  send-off.  This  was  to  be  expected,  since 
Bowring  was  one  of  the  London  Magazine's  friends  politically  and  a 
frequent  contributor  to  its  pages.  The  reviewer  found  in  the  Speci- 
mens much  to  praise,  above  all  Batiushkov's  "To  My  Penates", 
a  pleasing  rendition  which  years  later  W.  H.  Leeds  called  a  trans- 
lation "at  once  accurate  and  spirited".'  "Upon  the  whole",  the 
London  Magazine  concluded,  "we  consider  this  volume  as  one  of 
the  most  agreeable  and  interesting  that  has  come  before  us  for 
some  time  past.  It  was  put  into  our  hands  quite  unexpectedly 
and  very  late  in  the  month;  but  we  have  proceeded  to  notice  it 
without  delay,  both  on  account  of  the  public,  who  will  be  anxious 

*  A  sentiment  reiterated  in  different  woids  in  every  artiflf  Bowring  wrote. 

»  The  German  text  used  by  Bowring  was  Tappe's  Xeue  ruasische  Sprachlehre  fiir 
DetOache,  St.  P.,  1820. 

«  Foreign  Quarterly  Review,  IX,  Jan.  1832,  p.  220.  W.  H.  Leeds  (1786-1866)  wrote 
critical  articles  on  architecture  and  was  a  frequent  contributor  to  the  Foreign  Quarterly. 
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to  know  the  character  of  a  work  on  so  novel  a  subject  and  that  the 
translator  may  not  remain  in  doubt  as  to  its  probable  reception."  " 

The  amazing  interest  which  the  public  did  show  in  the  little 
volume  arose,  as  the  Edinburgh  Review  decided "  ten  years  after- 
ward, from  wonder,  for  a  volume  from  Russia  which  betrayed 
''no  marks  of  its  barbaric  origin"  was  bound  to  attract  attention  in 
1821  through  its  very  failure  to  conform  to  the  English  notion  of 
what  should  properly  come  out  of  Russia.  Across  the  Atlantic,  in 
Boston,  where  the  book  was  quickly  issued  in  an  American  edition, 
the  same  emotion  greeted  it:  .  .  we  were  almost  as  much  taken 
by  surprise",  admitted  the  Reverend  Mr.  Peabody  in  the  North 
American  Review,  "as  by  the  ode  which  Major  Denham  brought 
from  the  court  of  his  colored  majesty  of  Bornu."  • 

In  Boston  the  Reverend  John  Pierpont  used  nine  of  Bowling's 
translations  in  his  American  First  Class  Book  in  Reading  and 
Recitation  ( 1823).  Thus  in  America  as  in  England  Bowring  created 
a  taste,  as  Peabody  said/  which  he  was  ready  and  even  eager  to 
gratify;  he  quickly  set  to  work  on  a  second  Russian  collection. 

It  had  been  the  able  assistance  of  Priedrich  Adelung,  the  dis- 
tinguished nephew  of  Johann  Adelung  of  Mithridates,  that  en- 
abled John  Bowring  to  undertake  a  volume  of  Russian  verse  and  to 
carry  it  through  in  spite  of  his  poor  linguistic  equipment.  Adelung, 
who  stood  high  in  imperial  favor  in  Russia  through  his  position  as 
tutor  to  the  Grand  Dukes,  received  Bowring  kindly  in  St.  Peters- 
burg and  either  prepared  himself  or  assembled  from  the  hands  of 
others  traiislations  of  Russian  verse  into  the  languages  Bowring 
understood.  Now  when  Adelung  learned  that  the  second  volume 
of  Specimens,  which  he  had  planned  with  Bowring  while  the  latter 
was  still  in  Petersburg,  was  to  become  a  reality,  he  continued  to 
help.  He  not  only  advised  Bowring  at  length  of  orthographic 
errors  in  the  first  volume  that  should  not  be  repeated  in  the  second 
but  he  kept  him  supplied  also  with  new  books  like  Nicholas 
Grech's  Short  Survey  of  Russian  Literature  (1822)  which  he  called 
an  "excellent  manual".*®   From  time  to  time  also  he  sent  addi- 

'Op.  cil.,  Ill,  Mar.  1821,  p.  321. 

*  "Dr.  Bowling's  Poetical  Trandations",  Edin.  Rev.,  LIl,  Jan.  1831,  p.  323. 

9  Op  cit.,  XXM,  Jan.  1R2S,  p.  146.  Peabody  refers  here  to  the  sensation  of  1824, 
Dixon  Denham's  findings  in  Central  Africa. 

Frequent  references  will  be  made,  from  this  point  on,  to  letters  exchanged  between 

Bowrin{?  sirKl  liis  Slavonic  friends  and  collaborators.  These  letters  may  be  found  in 
Kralovskd  askn  spohhwst  tmuh,  Vestnik,  1904  and  1912,  under  the  following  titles: 
"Korrespondence  Johna  Bowrings  do  Cech",  assembled  by  Robert  Beer,  and  "Listy 
pean6  J.  Bowringovi  ve  v^cech  deskd  a  slovanskd  literatury",  F.  Chudoba,  editor.  Since 
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tional  Russian  verses,  one  of  these  Zhukovsky's  "Epistle  to  Tsar 

Alexander"  in  a  German  version  made  by  a  Mr.  Rauspach,  a 
professor  in  the  University  of  St.  Petersburg.  Adeluiig  tried  also 
to  p;et  Kr^'lov  to  make  English  versions  for  him  of  his  Fables,  so 
that  Bovvring  could  include  more  of  these  in  his  second  volume. 
In  return  for  this  expert  guidance  on  the  two  volumes  as  well  as 
for  Adelung's  handling  in  Russia  the  sale  of  the  Specimens  and 
their  distribution  among  scholars,  Bowring  reciprocated  by  sending 
his  friend  the  works  of  Bent  ham  and  l)y  supplying  him  with  the 
English  and  American  reviews  of  Adelung's  own  (Jebersichl  alter 
hekannlen  Sprnchcn  und  Hirer  Dialekie. 

Unfortunately  Bowring  was  in  no  position  to  make  use  of  most 
of  the  help  Adeiung  offered  him  on  the  second  volume  of  Specimens. 
Much  of  it  arrived  while  he  was  in  Boulogne  Prison  in  Calais 
where  the  French  government  detained  him  for  several  weeks  in 
1822  on  account  of  his  alleged  anti-Bourbon  activities.  Here 
Bowring  finished  the  second  book  in  October,  having  passed  the 
long  hours  of  his  imprisonment  pleasantly,  as  he  said,  in  reflection 
on  Slavonic  song  and  on  his  friends  in  Russia  who  relied  on  him 
to  make  it  known  abroad. 

Published  early  in  1823,  the  Russian  Specimens,  Voliune  II, 
had  to  wait  until  November,  1827,  four  years,  for  a  review  in  an 
important  journal.  Then,  however,  it  received  what  most  of 
Bowring's  translations  from  the  Slavonic  never  received,  serious 
criticism  by  one  who  understood  thoroughly  both  the  Slavonic 
tongue  and  the  English.  The  man  who  performed  this  service 
was  Victor  Smimov,  a  secretary  in  the  Russian  Embassy  and  son 
of  the  Embassy's  chaplain.  In  order  to  weigh  the  merit  of  Bow- 
ring's  translations  from  the  Russian,  Smirnov,  together  with 
John  G.  Cochrane,  editor  of  the  Foreign  Qudrlerbj  Renew,  com- 
pared his  English  version  of  Zhukovsky's  "Svetlana"  with  the 
French  version  of  Dupre  de  St.  Maure's  Anlhologie  Russe  (Paris, 
1823)  which  appeared  almost  simultaneously  with  Bowring's  own. 
Side  by  side  Smirnov  and  Cochrane  phiced  the  two  renderings, 
together  witli  a  literal  English  version  whicli  Smirnov  himself 
made.  Their  conclusion  after  examining  the  three  was  that  "if 
the  English  adheres  more  closely  to  the  original  in  the  memure, 
and  exhibits  greater  poetical  condensation,  the  French  one  is  not 

the  substance  of  thes^e  letters  i«  woven  into  the  vf-ry-  fabric  of  this  article  to  surh  an 
extent  that  complete  annotation  would  overload  the  text,  no  specific  citations  from  these 
two  sources  will  be  made. 
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inferior  to  it  in  literal  fidelity,  and  by  its  amplification  tells  the 
story  more  clearly  and  distinctly",  adding,  finally,  "Beauties 
there  are  in  the  original  which  we  think  have  escaped  the  grasp  of 
both  translators"." 

II 

As  the  second  volume  of  Russian  Specimens  came  from  the 
press,  there  appeared  in  Edinhurp;!)  a  work  hy  the  Pole  Christian 
Lach  Szyrma  called  LtUvrs,  Literary  and  Political,  on  Poland 
(1823),  in  which  Bowrinji's  first  Russian  collection  was  recom- 
mended as  an  "excellent"'  survey.'-  No  sooner  had  Bowring 
read  this  than  he  ad(h-essed  himself  to  the  author  of  the  Letters, 
who  was  already  known  to  him  from  articles  he  had  published  in 
Blackwood's,^^  proposing  that  they  two  collaborate  on  an  anthology 
of  Polish  verse.  Bowring  was  ready  now  to  act  as  promoter  of 
Polish  literature,  a  role  he  had  carried  off  with  so  much  success 
in  Russian.  Being  ready  to  do  this  ten  years  l)efore  London 
swarmed  with  refugees  from  Poland,  when  help  in  such  an  enter- 
prise was  easy  to  obtain,  he  was  casting  about  for  a  collaborator. 
From  the  broad-minded,  sjTnpathetic  and  well-informed  tone  of 
his  Letters  Szyrma  seemed  to  Bowring  the  very  man  he  was  looking 
for;  here,  perhaps,  would  prove  to  be  his  Polish  Adelung! 

Flattered  b}-  Bowring's  notice  and  by  his  praise  of  the  Letters, 
Szyrma  replied  at  once,  tackling  in  his  very -first  letter  the  details 
of  Bowring's  proposal.  Inquiring  first  whether  he  planned  to  have 
the  Polish  volume  follow  the  pattern  of  the  Russian,  Szyrma  asked 
Bowring  whether  he  knew  enough  Polish  himself  for  such  an  under- 
taking and  what  equipment  he  already  had.  He  even  offered  to 
send  to  Warsaw  for  books  on  his  own  account  and  to  make  the 
selection  of  these  himself  so  as  to  spare  Bowring  the  embarrass- 
ment of  not  knowing  what  to  order.  In  Edinburgh,  he  added, 
there  was  a  small  collection  of  Polish  books  in  the  Signet  I  library, 
deposited  there  by  Count  Andrew  Zamojski;  these  Szyrma  prom- 
ised to  secure,  if  possible,  for  Bowring's  use. 

Szyrma's  response  was  welcome  indeed;  Bowring  replied  at 
once,  putting  question  after  question  to  the  Pole  and  suggesting 

"  "Russian  Literature",  FQR,  I,  Nov.  1827,  p.  600. 

"Op.  rit.,  p.  80. 

""Slavonic  Traditional  Poetry  ',  op.  cit.,  X,  Sept.  1821,  pp.  145-151;  "English 
Literature  in  Poland",  op.  cit.,  XI,  Mar.  1822,  p.  329;  Review  of  J6ief  Wawrsyniec 
Krasinski's  Gui'lr  <lu  Voyageur  en  Pologne  et  dans  la  Ripubligue  de  Craeovie,  Warsaw,  1820, 
op.  cU-t  June,  1822,  pp.  650-657. 
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at  the  same  time  the  Imes  along  which  he  proposed  to  huild  the 
Polish  anthology.  Soon  Szyrma  l)egan  to  send  actual  material: 
Onufry  Kopczyfiski's  standard  CJrammar  of  the  Polish  Language; 
a  Bandtkie  French-German-Polish  Dictionary  and  several  volumes 
of  poetry  from  the  famous  series  published  in  Warsaw  from  1803  on 
under  the  editorship  of  Tadeusz  Mostowski  as  Wybor  pisarzdw 
polskich  {Anthology  oj  Polish  Writers).  SzjTma  sent  also  Niemce- 
wicz's  famous  y^jn&wy  htsforyczne  (Songs  from  History)  and  prob- 
ably his  Bajki  i  powie^ci  {Fables  and  Tales),  besides  scattered 
numbers  of  the  contemporary  literary  journal  Pami^tnik  ivarazawaki 
(Warsaw  Memoir).  Bo  wring's  questions  Szyrma  did  not  stop 
now  to  answer,  preferring  to  get  his  specimen  translations  off 
promptly  with  the  books  on  the  London  packet.  He  advised 
Bowring  to  use  Herder  if  he  needed  help  with  his  Lithuanian  selec- 
tions, a  suggestion  Bowring  followed,  using  two  from  Brodzi^ki's 
collection  in  Pami^inik  warazawsH  which  Herder  had  long  before 
included  in  his  Stimmen  der  VdUcer  in  Liedern  (1778-9). 

In  July,  1823,  Bowring  came  to  the  point  in  his  work  on  the 
Polish  anthology  where,  if  the  book  was  to  go  on,  he  had  to  have 
historical  and  critical  material  that  he  could  read  himself.  Frag- 
mentary articles  he  found,  on  Szyrma's  suggestion,  in  back  num-. 
bers  of  the  Gottin^ische  gelehrte  Anzeigen,  but  these  contained 
nothing  that  could  take  the  place  of  what  Bowring  needed  at 
this  moment  and  did  not  have:  a  mellow,  comprehensive  knowl- 
edge of  Poland's  literary  history. 

The  inade(}uacy  of  Bowring's  Polish  and  of  his  method  as  a 
translator  stand  out  sharply  in  his  letters  to  and  from  Szyrma. 
Bowring  was  baffled,  in  the  first  place,  l)y  Polish  diminutives. 
Secondly,  he  neither  felt  nor  made  any  particular  ctTort  to  feel 
the  imagery  of  the  original.  Thus  in  Koclianowski's  seventh 
Lament"  he  could  fly  so  far  from  the  poet's  concept  as  to  repre- 
sent the  grief-stricken  father  in  the  act  of  gathering  hay  (!)  for  a 
pillow  to  place  beneath  his  child's  cold  head,  when  tlie  imagery  of 
the  Polish  (''ziemie  bryleczke")  was  the  symbolic,  tradition- 
hallowed  Slavonic  custom  of  collecting  handfuls  of  earth.  Even 
when  Szyrma  pointed  out  this  glaring  travesty  Bowring  did  not 
correct  it;  ail  he  did  was  change^  the  "bahny  hay"  of  his  first 
version  to  "some  odorous  hay".  In  his  rendering  of  the  song 
''To  Sleep"  he  showed  himself  equally  unconcerned  with  the  sense 
of  the  original  when  he  refused  to  change  the  last  lines  in  accord- 
ance with  Szyrma's  suggestion.    Bowring  was  satisfied,  obviously. 
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if  his  verses  adhered  to  the  original  in  form  and  measure,  whether 

they  captured  the  linage ly  of  the  Slavonic  or  not. 

Yet  Szyrma  was  pleased,  on  the  wliole,  with  Bowrinf2:'s  versi- 
fied renditions  of  the  paraphrases  he  sent  him.  He  called  Bow- 
ring's  *'duma"  of  Michal  (llinski  so  o;ood,  after  reading  it  over 
several  times,  each  time  "with  increasing  pleasure",  that  he  could 
suggest  no  improvements,  and  he  praised  as  "beautiful"  and 
"masterly"  Bowring's  version  of  the  exquisite  song  "To  Sleep". 

In  the  summer  of  1823  Szyrma  began  trying  to  shift  the 
responsil)ility  he  had  incurred  for  the  volume  of  Polish  poetry 
to  the  shoulders  of  someone  more  competent.  The  man  he 
selected  for  the  difficult  honor  was  Kazimierz  Brodzinski,  whom 
Szyrma  himself  called,  in  an  article  in  Blackwood's,  ''the  most  dis- 
tinguished young  poet  in  Poland"."  Though  only  in  his  early 
thirties,  Brodziiiski  was  already  famous  as  an  interpreter  of  west- 
ern ideas  in  Poland  because  of  his  translations  from  French, 
German  and  English.  Not  long  previously  his  translation  of 
Scott's  Lay  of  the  Last  Minstrel  had  established  him  as  an  outstand- 
ing Anglicist  along  with  Wiadyslaw  Ostrowski  and  Karol  Sien- 
kiewicz.  Brodzinski  was  currently  very  popular  in  Warsaw  as  a 
consequence  of  his  able  lectures  in  the  University,  and  he  had 
wide  influence,  moreover,  as  an  editor  of  Pami§tnik  warszawski. 
He  seemed  the  very  man  for  Bowring. 

After  repeated  solicitation  from  Szyrma  and  a  letter  from 
Bowring  himself,  Brodzinski  showed  active  interest  in  the  pro- 
posed anthology.  In  Octoloer,  1823,  he  thanked  Bowring  for  his 
desire  to  serve  the  Polish  race  and  promised  his  help.  He  warned 
the  over-optimistic  Englishman,  however,  that  he  would  recjuire 
much  more  informjition  than  he  had  yet  received  before  he  could 
go  ahead.  To  Bowring's  request  for  specimens  of  Polish  verse 
translated  into  some  language  he  could  read,  Brodzinski  replied 
with  the  question  ''Into  what  language?",  adding  that  he  would 
prefer  German,  since  his  own  English  was  inadequate  and  French 
entirely  unsatisfactory  as  an  intermediary  tongue.  He  asked 
Bowring  how  long  the  summary  of  Polish  literary  history  he  was  to 
write  should  be  and  assured  him  of  his  intention  to  prepare  trans- 
lations of  poets  Uke  Woronicz  and  Kniaznin,  hitherto  neglected 
abroad. 

Here  was  an  auspicious  beginning  indeed.  And  the  more 
auspicious  because  Szyrma  too  seemed  not  to  have  abandoned 

See  the  second  article  mentioned  in  note  13,  Blaekwood%  XI,  p.  329. 
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helpful  activities  even  though  he  had  left  Britain  to  return  to  his 

native  land.  From  Paris  in  Januar}',  1824,  he  wrote  to  thank 
Bowriiig,  and  Mrs.  Bowring  too,  for  receiving  him  so  pleasantly 
during  his  stay  in  London,  as  well  as  to  report  that  he  had  looked 
vainly  in  Paris  for  a  copy  of  La  Garde's  translation  of  Trembecki's 
*'Zofj6wka"  (1815).  Szyrma's  final  word  as  he  left  Paris  was  a 
friendly  and  an  optimistic  one,  remarking  that  liis  own  Letters 
had  been  favoral)ly  noticed  by  the  Polish  press,  adding  ''you  may 
expect  still  more  as  a  foreigner",  and  "I  will  remember  you  in 
Poland." 

AVhen  Szyrma  was  heard  from  again  it  was  more  than  six 
months  later  and  then  with  an  apology  for  the  silence  of  his 
friend  Brodzinski  and  for  his  own.  The  poet  had  gone,  he  said, 
to  Italj'  for  a  long  holiday  and  he  himself  had  been  too  busy  getting 
settled  in  Warsaw  to  think  of  anthologies.  As  a  peace  offering 
he  sent  Bowring  with  this  letter  a  ballad  of  his  own  called  "A 
Child  at  his  Mother's  Knee",  which  Bowring  did  not  use. 

While  he  was  waiting  for  Brodziiiski's  help  to  materialize, 
Bowring  put  out  a  couple  of  feelers  to  gauge  the  popular  appetite 
for  Polish  verse.  These  were  two  Polish  songs,  one  a  traditional 
verse,  "The  Three  Fountains",  the  other  a  poem  from  Zimo- 
rowicz  beginning  "I  saw  thee  from  my  casement  high".  Both  of 
these,  done  with  Sz3n'ma's  help,  appeared  in  the  London  Magazine, 
February,  1824. 

Ill 

Bowring  now  found  himself  a  very  busy  man.  His  linguistic 
interests  continued  varied  and  absorbing;  at  the  moment  he  was 
not  only  finishing  his  Batavian  and  Spanish  anthologies  and  a 
collection  from  the  German  called  Matins  and  VesperSy  but  he  was 
corresponding  at  the  same  time  about  a  proposed  Finnish  collec- 
tion and  a  Swedish.  He  had,  moreo\'er,  just  been  appointed 
editor  of  Jeremy  Bentham's  new  Westminster  RevieWy  so  that  for 
months  he  was  deeply  involved  in  the  dissensions  that  marked  the 
launching  of  that  journal.  His  plain  editorial  duties  were  likewise 
by  no  means  light.  Having  been  assigned  to  the  editorship  of  the 
literary  department  of  the  Review  by  Bentham  largely  because  of 
his  wide  foreign  friendships,  Bowring  was  expected  to  contribute 
to  it  frequent  articles  on  world  thought.  In  the  Westminster's 
first  number,  therefore,  January,  1824,  appeared  his  first  article: 
"Politics  and  Literature  of  Russia". 
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Tlie  article  is  a  demonstration  par  excellence  of  Bowring's 
technique  as  reviewer  and  critic.  Ostensibly  it  reviewed  two 
works:  M.  de  Pradt's  Farallele  de  la  Puissance  Anglaise  el  Russe 
relativement  a  I'Europe  (Paris,  1823)  and  a  sketch  of  Russian 
literature  by  Alexander  Bestuzhev  which  appeared  in  Polyamaya 
Zvyezda  for  1823.  The  portion  that  reviewed  the  latter  was  im- 
pressive indeed  with  its  battalions  of  Russian  proper  names.  It 
was,  however,  as  Fraaer's  reviewer  pointed  out  fifteen  years  later," 
nothing  more  than  an  English  rendering  of  a  German  version  of 
Bestuzhev's  article  that  appeared  in  Vol.  IX  of  Oldekop's  jS^ 
Peterhurgische  ZeUschrift}^  Bowring  must  have  read  the  German 
review  hastily  and  have  sent  his  own  article  to  press  without 
checking  his  translation,  for  out  of  "Der  blinde  Eros  beweist  dass 
Siberiens  Winterfroste  seine  (Siunarokov's)  scherzhafte  Phantasie 
nicht  erkalteten","  he  made  "and  a  Siberian  bard,  the  blind  Eros, 
published  a  volume  of  jocose  poetry"!  As  Eraser's  put  it,  "A 
more  singular  literary  quid  pro  quo  is  not,  perliaps,  upon  record."" 

Tlirougli  applying  and  perfecting  the  technical  method  ex- 
hibited in  the  article  on  Russian  literature,  Bowring  became,  as 
even  his  bitter  critic  John  Neal  had  to  admit,  a  kind  of  High  Priest 
of  Critics  whenever  the  poetry  of  the  Slavs  was  under  considera- 
tion. Two  factors  besides  his  skill  in  using  German  sources 
contributed  to  his  virtual  episcopacy:  the  salesman's  self-confidence 
that  was  native  to  him  and  the  flattery  accorded  him  by  all  his 
Slavonic  collaborators  except,  as  we  shall  see,  the  Slovene  scholar 
Yerney  Kopitar. 

In  his  capacity  of  critic  Bowring  placed  fidelity  to  the  measure 
and  verse-form  of  the  original  first  in  importance.  Failure  on  the 
part  of  a  translator  to  observe  this  particular  kind  of  fidelity  pro- 
voked his  critical  censure.  Thus,  in  reviewing  for  the  July,  1825, 
Weatminsier  a  polyglot  edition  of  Krylov's  Fables he  waxed 
caustic  over  the  process  by  which  these  found  their  way  into 
French  and  Italian  verse.  Count  Orlov,  who  compiled  the  volume, 
took  some  of  the  fables  from  the  Russian  edition  of  1819  and  turned 
them  into  French  prose;  these  rough  paraphrased  versions  he 
then  handed  to  French  and  Italian  poets  and  they,  in  turn,  wrote 

»6  Fraser's  Magazitie,  XIX,  Feb.  1839,  footnote  to  pp.  159-itiO. 
^*  Op.  cit.,  IX,  pp.  129-156.    "Blick  auf  die  alte  und  neue  Literatur  in  Russland" 
von  A.  Bestuslu  vv,  iieb.st  einem  Nachtrage  des  Herausgebers. 

»'  Op.  cit.,  p.  i;i9. 

>«  Fables  russes,  lines  du  recueil  de  M.  Krilujf,  ti  imilces  en  vera  fratu  ais  i  t  italietis  par 
divers  aulewSt  Paris,  1825,  2  vols. 
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in  their  best  poetic  manner  "imitations"  of  the  Russian  verses, 
trying  in  these  imitations  to  retain  the  essential  meaning  of  the 
original.  Count  Orlov  spoke  of  this  process  with  considerable 
pride,  claiming  it  had  the  advantage  of  releasing  the  poet  "from 
the  trammels  of  the  original",  meaning,  of  course,  the  trammels  of 
form  and  measure.  Bowring  expressed  nothing  but  condemna- 
tion for  such  a  system  and,  to  illustrate  the  more  faithful  manner 
in  which  he  would  do  it,  provided  three  Fal)les  in  an  English  version 
of  liis  own,  made  presumably  from  Krylov's  rough  traiislalions 
sent  by  Adelung  too  late  for  inclusion  in  the  second  Specimens, 

IV 

Bowling's  editorial  duties  and  his  private  business  obligations 
were  heavy  now  (1825),  but  they  did  not  prevent  him  from  prose- 
cuting his  plan  of  bringing  to  English  attention  all  Slavonic 
literature.  "As  I  have  in  some  respects  a  sort  of  vague  feehng 
that  I  have  the  Slavonians  under  my  charge,  whenever  I  can  do 
them  honor,  I  shall  from  time  to  time  scribble  such  matters  as  are 
likely  to  extend  the  good  feelings  of  my  countrymen",  he  wrote  to 
one  of  his  Slavic  friends.  Now,  though  his  Polish  anthology  had 
reached  a  stalemate,  a  new  and  more  than  usually  interesting 
Slavonic  personality  came  into  Bowring's  orbit. 

For  years  everyone  who  follow-ed  continental  literature  by 
reading  the  German  literary  journals  had  been  aware  of  the  sig- 
nificant work  being  accomphshed  by  the  Serbian  scholar  Vuk 
Stefanovich  Karajich.  Since  1814  Karajich  had  been  publishing 
collections  of  Serbian  song  and  story  and  now  in  1825  comments 
were  appearing  not  only  on  his  own  most  recent  work,  Srpske 
Narodne  Fyesme  {Serbian  National  Songs),  the  first  three  volumes 
of  which  had  appeared  in  1823  (Leipzig),  but  also  on  a  German 
rendering  of  some  of  these  by  Therese  Albertine  von  Jakob  (known 
as  "Talvj"),  in  the  first  volume  of  her  Volkslieder  der  Serben 
(Halle,  1825).  Both  Karajich's  collection  and  Talvj 's  transla- 
tions fell  quickly  into  Bowring's  hands  and  soon  he  was  no  less 
enthusiastic  about  Vuk  Karajich  and  Serbian  poetry  than  he  had 
been  earlier  about  Krylov  and  Derzhavin  and  Russian  verse  and 
later  about  Niemcewicz  and  his  heroic  ballads. 

Talvj 's  Volkslieder  was  exactly  what  Bowring  needed  at  this 
juncture.  Having  this  before  him  he  could  follow  line  by  line, 
with  the  aid  of  Karajich's  Serb-German  dictionary  (1818),  the 
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original  Serl)ian  of  the  Xarodiie  Pijesme.  As  a  matter  of  fact 
Bowring  probal)ly  did  very  little  of  this  hard  plodding  work. 
For  the  most  part  he  simply  paraphrasetl  Talvj's  German  verses. 
Some  years  later  when  the  American  poet  James  Gates  Percival 
discovered  Bowring's  outright  filching  of  Talvj's  notes  witlioiit 
crediting  her  with  their  origin,  he  was  angry  and  declared  the 
man  showed  "the  cloven  lioof".^^  Talvj  herself  did  not  resent 
Bowring's  use  of  her  work,  though  she  knew  he  did  it,  and  on  more 
than  one  occasion  recommended  his  verses  highly.-" 

The  first  fruit  of  Bowring's  interest  in  the  poetry  of  the  Serbians 
was  not  long  in  appearing;  it  came  in  the  form  of  a  sixteen  page 
article  in  the  Westminster  Review  for  July,  1826,  on  "The  Popular 
Poetry  of  the  Serbians".  This  was  frankly  an  hors  d*oeuvre;  the 
pO^ce  de  risistancBf  a  full  volume  of  Serbian  verse,  was  already 
cooking  in  his  mind. 

The  necessity  of  thanking  Paul  Joseph  Safarik  for  a  copy 
someone  had  sent  him  of  Geschichte  der  slatoischen  Sprache  gave 
Bowring  now  an  opportunity  to  make  inquiries  of  a  personal 
nature  about  Karajich.  From  Safarik  he  was  able  to  learn  details 
of  the  early  life  of  this  lame  Serbian  folklorist  and  something  also 
of  his  present  situation — how  he  was  living  in  Vienna  on  a  pension 
granted  by  the  Tsar  Alexander.  From  him,  too,  Bowring  learned 
that  the  l)est  critical  material  on  Karajich  was  Kopitar's  review  of 
the  Pyi'Sfne  in  the  Wiener  Jahrbucher  der  Literalur  for  1825. 
Safarik  called  Bowring's  attention  also  to  Eugene  Wesel^^'s " 
German  version  of  some  of  Karajich's  songs,  calling  it,  however, 
"far  inferior  to  Talvj". 

No  sooner  had  Bowring  received  Safarik's  reply  than  he  wrote 
personally  to  Karajich,  for  whom  apparently  he  quickly  conceived 
a  warm  sympathy,  a  letter  in  which  he  laid  out  his  plans  for  a 
Serbian  anthology.  When  Karajich  replied,  he  was  on  the  point 
of  leaving  Vienna  for  Serbia  on  a  new  song-collecting  expedition 
under  the  patronage  of  the  ruling  prince,  Milosh  Obrenovich. 
Besides  thanking  Bowring  for  his  desire  to  honor  "the  forgotten 
Serbian  nation"  and  asking  Bowring  for  help  on  his  own  projects, 
Karajich  sent  books  that  he  believed  might  prove  useful,  among 

See  letter  of  Percival  to  Talvj,  Feb.  26,  1836,  in  H.  R.  Warfel,  Unpublished 
Biographic  Study  of  Jame8  Gates  Percival,  pp.  444-453,  on  file  in  the  Library  of  Yale 
University,  New  Huveii,  Conn. 

"Talvj,  American  Biblical  Rcposilory,  IV,  April  1834,  pp.  328-413,  and  July  1834, 
pp.  417-631. 

n  Serbische  Hochalieder,  Buda,  1826. 
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them  the  volume  Safarik  had  mentioned,  Wesel5'''s  Serbische 
Hochsliedcr.  Most  important  of  all,  Karajich  referred  Bowring 
to  the  great  Slavonic  scholar  Yerney  Kopitar  as  the  person  above 
all  others  competent  to  guide  him. 

The  Serl:>ian  volume  was  too  far  along  and  Bowring  too  im- 
patient for  puhhcalion  to  wait  for  advice  from  Kopitar.  Relying 
for  his  introductory  material  on  Safarik  and  on  German  authorities 
suggested  by  Safarik;  on  Clrinun's  introduction  to  Karajich's 
Kleine  serbische  Grammatik  and  on  his  friend  Adelung's  Uebersicht 
aller  bekannten  Sprachen  for  the  (lerman  text  of  his  verses;  and  for 
his  notes  on  Talvj's  Volksiieder  and  Wesel<''s  work,  Bowring  put 
the  Serbian  anthology  together  and  published  it  early  in  1827 
as  Servian  Popular  Poetry. 

The  first  journal  to  notice  the  book  was  the  London  Magazine. 
In  April,  soon  after  its  publication,  the  London  s  reviewer  had 
this  to  say  about  it,  "Mr.  Bowring's  feUcity  in  the  difficult  art  of 
translating  poetry  is  well  known  to  all  lovers  of  it.  Together  with 
an  almost  marvellous  knowledge  of  the  dialects  of  Europe,  he 
I>ossesses  a  ready  tact  in  seizing  the  tone  and  character  of  his 
subject.  His  poetical  sympathies  are  so  warm  and  prompt  that 
it  would  be  impossible  to  place  him  in  the  midst  of  any  class  of 
ideas  or  feelings  where  he  would  not  almost  instantaneously  adapt 
himself  to  the  hue  and  colour  of  the  imaginative  circumstances 
about  him.  His  command  over  the  stubborn  materials  of  his 
own  language  is  very  considerable,  which  more  especially  qualifies 
him  for  the  task  he  has  vohnitarily  chosen  of  throwing  his  trans- 
lations into  the  measures  of  the  original.  Of  the  fidehty  of  his 
Servian  versions  we  are  wholly  unable  to  judge;  internal  evidence 
would  lead  us  to  suppose  it  was  close." 

Bowring  had  the  distinction  of  being  the  only  man  of  his  time 
in  Britain  to  translate  Russian  poetry;  in  Serbian  he  had  no  such 
distinction.  Scott's  interest  in  the  Serbian  ballad,  a  by-product 
of  his  Goethe  studies,  was  of  some  years'  standing  and  he  too 
dabbled  at  translating  bits  of  it  from  the  German  version.  Now, 
moreover,  just  as  Bowring's  Serbian  anthology  was  issuing  from 
the  press,  other  translations  of  Serbian  poetry  were  appearing  in 
the  Quarterly  Review  which  even  the  highly  pro-Bowring  London 
Magazine  had  to  admit  would,  because  of  their  ''poetic  embellish- 

=  Op.  cit.,  XVII,  Apr.  1827,  p.  .^.9. 

"  "Translations  from  the  Servian  Mmatrelsy",  op.  cil.,  XXX\ ,  pp.  t>t>-8(i. 
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ment  and  some  adaptation"  be  more  likely  to  "attract  the  atten- 
tion of  the  mere  Eiifjlisli  reader".*^ 

A  distinction  of  a  different  kind  Bowring  still  could  claim: 
he  alone  could  make  his  readers  feel  that  the  poet  whose  verses 
he  translated  was  his  close  friend.    As  Jared  Sparks  put  it  in  t  lie 
North  American  Reiriew  (October,  1827),  "With  the  minstrels  of 
Russia,  Poland,  Servia  and  other  countries  he  is  apparentl\'  as 
much  at  ease  as  if  they  had  ))een  his  intimates  from  infancy'  under 
his  native  skies,  and  he  enters  with  readiness  into  their  local  as- 
sociations, feelin^js  and  attachments,  looking  out  upon  the  broad 
compass  of  nature,  tracing  its  varied  forms,  and  recognising  the 
manners  and  social  habits  of  different  nations  and  ages,  with  a  fa- 
miliarity that  would  seem  to  betray  an  intimate  companionship."  ^ 

Bowring  gave  his  readers  this  impression  partly  by  such  warm, 
personal  dedicatory  verses  as  those  to  Karajich  which  introduced 
his  Serbian  anthology: 

My  friend!  it  is  thou,  it  is  thou 

Who  hast  ushered  these  gems  into  day; 

Tis  my  pride  and  my  privilege  now 
To  honour — I  fain  would  repay 

Thy  toils,  and  would  bind  round  thy  brow 
The  laurels  that  grow  o'er  thy  lay. 

and  which  end  with  the  lines: 

Thy  tenement  is  but  of  clay; 

Thou  art  frailer  than  most  of  us  be: 
Yet  a  sunshine  has  lighted  thy  way, 

Whose  effluence  is  sunshine  to  me: — 
And  'tis  sweet  o'er  thy  Servia  to  stray. 

And  to  listen,  pale  minstrel,  to  thee. 

As  the  London  Magazine  put  it: 

Through  the  whole  of  Mr.  Rowring's  writing  this  warm  and  generous 
sympathy  with  foreign  and  distant  individuals,  whose  tic  to  him  is  solely 
that  of  kindred  labours,  is  liiglily  characteristic.  The  same  facile  and 
generous  sympathy,  not  only  with  persons  but  with  their  feelings,  their 
habits  and  their  language,  renders  Mr.  Bowring  not  only  one  of  the  most 
amiable  of  men  but  one  of  the  ablest  and  readiest  transfusers  of  the 
spirit  of  national  poetry.^® 

**  London  Magazine,  op.  cil.,  p.  o74. 

"  North  American  Review^  XXV,  p,  355. 

«  London  Magazine,  XVII,  April  1827,  pp.  582-583. 
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A  saltier  critic,  not  taken  in  by  Mr.  Bowring's  charm  of  manner 
and  his  talent  for  friendship,  found  something  cloying  in  all  this 
warmth  and  intimacy  and  adaptability.   To  all  such  men  as . 
Bowring  he  addressed  a  fable  which  began, 


Writers,  to  you  m\'  tale's  jiddressed, 
Who  with  most  f(Ttile  pons  are  blest; 
Yet  gifted  with  but  small  diseretion, 
Would  feast  the  public  to  repletion; 
Force  down  their  throats  book  after  book, 
Cramming  them  till  they  fairly  choke; 
And  of  your  prose,  or  verse  to  tuneful, 
Insist  on  giving  us  another  spoonful.^^ 


This  reaction  came,  however,  only  with  the  advent  of  Fraaers 
Magazine  and  long  after  Bowring  had  passed  his  zenitii  as  a 
translator. 

The  only  important  journal  besides  the  London  Magozine  to 
notice  the  Serbian  volume  promptly  was  London's  most  aggressive 
literary  magazine,  Colburn's  Xcir  Monthly.  Like  the  Londofi,  it 
was  of  the  Liberal  faith  and  friendly  to  Bowring.  The  reviewer  on 
this  occasion  took  exception  rather  strongly  to  Bowring's  guiding 
principle  as  a  translator  of  verse,  his  faithful  adherence  to  the 
measure  of  the  verse.  It  would  have  been  better,  he  believed,  to 
use  the  English  ballad  measure,  with  its  peculiar  rhyme  and  its 
charm  for  the  English  ear,  than  to  have  left  the  verses  in  the 
characteristically  Serbian,  unrhymed  state.  Certain  terms  which 
Bowring's  fidelity  to  the  letter  caused  him  to  use  were  also  objec- 
tionable to  this  reviewer — his  use,  for  example,  of  the  adjective 
dexter  to  describe  a  bird's  wing.  "With  the  exception,  however, 
of  a  few  trivial  mistakes  of  a  similar  kind  ...  we  can  scarcely 
speak  too  highly  of  the  general  merits  of  the  specimens  before  us. 
Many  of  them  lay  claim  to  real  poetry  and  passion — to  bursts  of 
simple  and  heartfelt  pathos,  like  unpremeditated  and  improvised 
effusions,  and  notwithstanding  the  difficulties  imposcMl  by  Mr. 
Bowring's  system  of  perfect  fidelity,  they  are  often  as  beautifully 
as  they  are  faithfully  rendered." 

On  the  whole,  the  Serbian  translations,  though  never  copicil  in 
textbooks  to  the  extent  the  Russian  SjMcinicns  were  copied  and 
ne\  er  reprinted  as  some  of  the  Russian  poems  were,  received  more 
widespread  approval  and  more  sincere  admiration  than  Bowring's 

"  "Rassian  Fabulists  with  Six'ciiiicus    FniHcr'a,  XIX,  Feb.  1839,  p.  163. 
»  New  Monthly,  XXI,  June  1,  1827,  p.  234. 
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other  collections.  This  was  due  in  the  first  place  to  the  exotic 
nature  of  the  songs  themselves  and  secondly  to  the  inherent  merit 
.  of  Bowring's  rendition  of  the  poems.  Here,  as  Jared  Sparks  said, 
he  did  make  the  verses  "live  and  breathe"  with  all  their  "original 
force  and  peculiarity".*'  The  fire  Bowring  caught  from  Goethe's 
enthusiasm  for  Serbian  folk  verse  and  from  Talvj's  splendid 
German  translations  he  was  often  successful  in  transmitting  to  the 
English  reader.  Prosper  M^rim^e's  hoaxing  in  La  Guzla  at- 
tracted popular  attention  to  Serbian  verse  just  about  the  time 
Bowring  published  his  volume  and  the  publicity  which  attended 
the  reception  of  this  astonishing  work  contributed  in  no  small 
degree  to  the  success  of  Bowring's  little  Servian  Popular  Poetry. 

V 

While  he  was  putting  the  finishing  touches  on  the  Serbian 
anthology  Bowring  was  wondering  what  to  do  with  the  Polish. 
Finally,  in  despair  of  help  from  Brodzinski  and  tired  of  having  it 
around  unfinished,  he  pieced  it  together  himself.  For  introduc- 
tory material  he  drew  heavily  on  Szyrma's  Letters,  on  Safarik's 
Geschichie  der  slawisehen  Sprnche  and  on  Bandtkie's  introduction  to 
the  dictionary  supplied  by  Szyrma.  The  string  of  names  which 
accounts  for  much  of  the  book's  Introduction  Bowring  got  from  a 
work  on  Polish  prosody  ""^  and  from  Bcntkowski's  Hintoria  literatvry 
polskiej  (1814).  Bowring  was  under  no  illusion  himself  as  to  the 
volume's  adequacy;  he  regretted  having  to  send  it  to  press  in  so 
impolished  a  state,  but  without  a  working  partner  he  was  helpless. 
At  least  he  refrained  from  dedicating  it  to  the  Tsar,  as  Szyrma,  a 
sincere  admirer  of  Alexander,  urged  him  to  do;  had  he  done  this, 
it  is  to  be  wondered  whether  the  Tsar  would  again  have  rewarded 
him  with  "an  amethyst  ring  surrounded  with  diamonds"  as 
he  did  in  1821  on  the  publication  of  the  Russian  Specimens. 

Again  the  London  Magazine's  reviewer  hailed  Bowring's 
work.  Praising  his  "activity"  and  the  "universality"  of  his  genius, 
he  found  the  Speciinens  of  the  Polish  Poets  both  "curious  and 
interesting"  but  "by  no  means  so  pleasing  to  the  mere  lover  of 
poetry  as  many  of  Dr.  Bowring's  former  publications".'*  Their 

»'  North  American  Review,  XXV,  p.  355. 

Tadcusz  Xowaczynski,  0  prozodji  i  harnionji  jf^zyka  polskiego,  Warsaw,  17?*1. 

31  Bowring  boasts  of  this  ring  on  p.  123  of  his  Autobiographical  Memoir,  published  in 
1877  by  his  son  Lewin  B.  Bowring. 

•'^  The  Lcmdon  Magazine  was  the  only  important  I^mdon  journal  to  take  special 
notice  of  the  Pohsh  volume.  It  did  tliis  in  an  article  called  "Bowring's  PoUsh  Poeta", 
XIX,  Oct.  1827,  pp.  259-271.    This  particular  quotation  occurs  on  p.  260. 
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insipidity  he  attributed  to  Poland's  ^'intimate  connection  with  the 
rest  of  Europe",  a  connection  which  made  them  seem  imitative. 
He  liked  the  Lithuanian  selections  best,  calling  these  the  freshest 
and  most  original.  Altogether  this  reviewer  made  it  plain  that 
he  found  the  Polish  verses  "pleasing  and  graceful  compositions" 
but  "by  no  means  either  so  wild  or  so  beautiful  as  the  specimens 
Mr.  Bowring  has  given  us  either  of  the  Servian  or  Russian".** 

In  Boston,  W.  B.  O.  Peabody,  the  North  Americanos  reviewer, 
found  the  Polish  verses  not  "national"  in  the  light  of  the  strikingly 
''Serbian"  character  of  the  verses  in  the  previous  volume.  Ten 
years  later  the  Polish  critic  Stanislaw  Kozmian  said  virtually  the 
same  thing  as  tiie  London  reviewer,  when  he  called  the  Polish 
verses  as  Bowrin^j;  rendered  them  "somewhat  spiritless".^'  It 
is  interesting  to  note  that  the  poem  Peabody  liked  best  wlien  he 
reviewed  the  Polish  Specimens  was  Brodzinski's  charming  pastoral 
"Wieslaw"  and  that  this  was  one  of  the  very  few  in  the  book  which 
Kozmian  felt  showed  ''fire  and  inspiration"  on  the  translator's 
part . 

Bowring  always  held  it  against  Brodzinski  that  he  had  dis- 
appointofl  him  and  he  never  let  an  opportunity  pass  to  contrast 
his  intlitierence  with  the  diligence  of  other  collaborators.  Szyrma, 
liowever,  Bowring  remembered  with  gratitude,  as  he  did  every 
faithful  worker.  He  sent  him  a  copy  of  the  Polish  SpecimenSf 
urged  him  to  contribute  to  the  Foreign  Quarterly  RevieWf  and 
considered  him  his  friend  always. 

VI 

In  the  prospectus  that  accompanied  Bowring's  Specimens  of  the 
Polish  Poets  when  it  appeared  in  the  middle  of  1827  was  "an 

apology  for  some  delay  in  the  appearance  of  a  history  of  Bohemian 
Literature  in  three  volumes  with  translations  and  specimens". 
Bowring  had  been  thinking  of  compiling  such  a  work  for  a  long 
time,  at  least  since  Safarik  suggested  to  him  late  in  1S26  that  he 
investigate  Bohemian  and  Dalmatian  poetry  and  offered  to  send 
him  specimens. 

Not  many  months  later,  in  January  of  the  next  year,  Bowring 
set  to  work  in  earnest  on  a  C  zech  volume.    His  first  step  was  to 

»0p.  cit.,  XXVI,  Jan.  1828,  p.  l.')?. 

»*  "Literature  of  the  XlXth  Century:  Poland",  AOieiiaum,  No.  561,  July  28,  1828, 
p.  533. 

*  L<mdon  Magazine,  XIX,  p.  259. 
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send  for  books  and  the  person  he  chose  as  agent  and  advisor  in  this 
matter  was  the  Slovene  scholar  and  librarian  in  Vienna,  Yemey 
Kopitar.  Bowring's  order  the  latter  qtdckly  transmitted  to  the 
venerable  Czech  scholar  Joseph  Dobrovsky  in  Prague  with  whom 
at  that  time  he  was  carrying  on  a  vigorous  scholarly  correspond- 
ence. Recommending  Bowring  as  a  "famous  banker""  and  a 
person  "about  whom  the  newspapers  often  speak",  Kopitar 
urged  Dobrovsky,  as  the  only  non-partisan  scholar  in  the  Empire, 
to  assume  the  task  of  selecting  the  hooks.  Dobrovsky  promptly 
sent  a  consignment  of  books  and  to  this  Kopitar  liimself  added 
others,  like  Hanka's  Starobyla  Sklddanie  (1817-1824,  4  volumes), 
availal)le  in  Vienna.  Among  these  was  a  copy  of  Joseph  Jung- 
mann's  monumental  Historie  literatury  ccskc  (1825)  whicli  the 
author  himself  signed  with  his  own  hand  and  dedicated  to  "Lord 
Bowring",  a  ridiculous  thing  to  do,  Kopitar  thought,  but  a  piece  of 
nonsense  that  had  to  stand.  Late  in  May  Kopitar  finally  got  the 
package  off  through  Bowring's  Vienna  agents  who  had  been 
instructed  to  pay  for  the  books  in  fuli.^' 

Meanwhile,  early  the  same  spring  (1827)  the  Bohemian  folk- 
lorist  Frantisek  Celakovsky,  having  heard,  presumably  through 
Dobrovsky,  what  Bowring  intended  to  do,  addressed  himself  to 
the  latter  with  an  offer  of  help.  Bowring  was  delighted  to  estab- 
lish partnership  again  with  one  who  sounded  from  his  letter  like  a 
good  worker.  His  pleasure  was  quickly  translated  into  action 
when,  at  very  first  writing,  on  April  3rd,  he  proposed  to  CelakovskJ^ 
that  they  bring  out  a  joint  work.  This,  Bowring  proposed, 
should  consist  of  a  history  of  Bohemian  literature,  together  with 
two  or  three  hundred  specimens  done  into  English  verse.  The 
specific  task  assigned  Celakovsky  was  to  provide  material  from 
which  Bowring  could  form  a  "correct  estimate  of  the  origin, 
progress  and  present  state,  and  general  character  of  the  popular 
poetry  of  Bohemia". 

In  the  course  of  the  next  three  months  Celakovsky  provided 
Bowring  with  one  installment  after  another  of  Bohemian  folk 
poetry  paraphrased  in  German,  while  Bowring  on  his  part  worked 
diligently  turning  these  rough  fragments  into  English  verse. 
"The  ardent,  generous  and  intelligent"  Celakovsk}',  as  he  called 
him,  was  so  satisfactory  a  collaborator  that  Bowring  needed  no 

liritfinriu^t  l  ztn'srlirn  Dobrovsk^  und  Kopitar,  Imperial  Academy  Reports,  St. 
Petersburg,  18So,  pp.  594-595. 
"  Briefwechad,  p.  601. 
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other  in  a  working  capacity ;  he  did  yearn,  however,  for  an  important 
name  or  two  which  he  could  mention  as  sharing  the  partnership 
and  to  this  end  invited  the  much  discussed  VAclav  Hanka  himself 

to  give  a  few  suggestions  of  a  general  character. 

I3y  that  autumn  (1827)  Celakovsky,  impatient  for  tangible 
rejsiilts,  began  to  urge  Bowring  to  publish  the  work  they  had  so 
boldly  announced.    Just  as  the  verses  were  all  in  readiness  except 
for  tlie  "final  polish",  publication  had  to  be  postponed  indefinitely 
as  Bowring's  plans  changed  and  he  had  to  leave  London  for  Heidel- 
berp;.    This  unexpected  excursion  marked  the  beginning  of  a 
period  of  readjustment  in  Bowring's  life.    The  great  schism  of 
1828  in  Benthamite  ranks  already  threatened  and  the  complete 
reorganization  of  the  Westinin sterns  manngement  was  daily  becom- 
ing more  inevitable.   Eventually  Bowring  induced  Colonel  Thomas 
Perronet  Thompson  to  buy  the  Review  and  to  hire  him  as  editor, 
but  months  of  uncertainty,  to  say  nothing  of  hard  feelings,  inter- 
vened before  the  matter  was  settled  and  the  attendant  bitterness 
composed.   At  the  same  time  Bowring's  private  affairs  were 
nowhere  nearly  so  prosperous  as  formerly;  he  had  spent  more 
time  on  a  pleasant  avocation  than,  as  a  business  man,  he  could 
afford  to  spend. 

As  Bowring  left  London  for  Heidelberg  in  October,  he  wrote 
Celakovsky  that  he  hoped  to  visit  him  personally  in  Prague  and 
go  over  the  biographic  sketches  for  the  anthology  with  him.  But 
in  the  end  the  visit  to  Bohemia  had  to  be  abandoned  and  Celakov- 
sky had  to  send  the  biographies  by  mail. 

So  far  Bowring  had  published  nothing  on  Bohemian  literature. 
He  now  sent  up,  as  he  wrote  Celakovsky,  a  '^parachute"  to  precede 
his  "balloon".  The  parachute  took  the  form  of  an  article  on 
**  Bohemian  Literature"  in  the  February,  1828,  Foreign  Quarterly 
Review,  the  journal  established  in  the  previous  summer  by  the 
publishing  house  of  Treuttel  and  Wiirtz. 

''A  batch  of  essays,  each  headed  by  the  name  of  some  foreign 
publication,  was  brought  out  (luarterly: — this  was  all",  lamented 
Robert  Pearse  Gillies  in  describing  this  Review,  which  turned  out 
so  differently  from  what  he  had  dreamctl  when  he  conceived  it. 
The  ''foreign  pul)lication"  the  name  of  wlijch  stood  at  the  head 
of  Bowring's  article  was  .lungmainrs  HiHlorie  likralanj  cc.ske,  but 
Jungmann's  work  w^as  only  a  s])ringi)oard  for  :i  i-c\  icw  in  the  best 
Bowring  manner.  In  it  was  little  of  Jungmann,  a  good  deal  of 
Safarik  di^s tilled  from  his  Gesc/iichie,  a  large  measure  of  opinion 
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derived  from  Celakovsk^  and  a  considerable  interlarding  of  ma- 
terial taken  from  or  suggested  by  Anton  MuUer's  article  on  Bo- 
hemian folk  poetry  in  the  August  (1827)  number  of  the  Monat- 
achrifi  published  by  the  Bohemian  Museum  in  Prague  under  the 
editorship  of  Frantisek  Palacky. 

Bowring's  ostensible  review  of  Jungmaiin  seems  harmless 
enough  a  hundred  years  later,  but  it  got  him  into  hot  water  on  two 
counts.  It  involved  him,  in  the  first  place,  in  the  controversy 
over  the  manuscripts  '^discovered"  by  the  man  who  was  in  1828 
librarian  of  the  Bohemian  National  ^Museum  in  Prague,  \'aclav 
Hanka,  and  it  caused  him  in  the  second  place  to  run  afoul  of  all 
the  Slavonic  scholars  in  the  Austrian  Empire  who  were  trying  to 
advance  the  Slav  cause  by  working  in  harmony  with  Vienna 
rather  than  in  defiance  of  her.  At  the  head  of  these  stood  Kopitar, 
splendidly  ensconced  in  the  Imperial  Library  in  \'ienna. 

On  September  16th,  1817,  Vdclav  Hanka  had  "discovered" 
sixteen  pieces  of  what  seemed  to  be  Xlllth  century  Bohemian 
poetry,  eight  verses  of  which  were  epic  in  spirit,  the  rest  love  songs. 
Calling  these,  from  the  place  of  their  discovery,  the  Queen's  Court 
Manuscript  (Krdlovedvorsky  Rukopis),  Hanka  published  them  in 
1818  in  the  original  old  Czech  and  the  next  year  brought  out  a 
German  version  of  them  with  the  help  of  his  friend  Vdclav  Alois 
Svoboda. 

Some  time  in  1819  two  more  Bohemian  poems  alleged  to  be  of 
still  more  ancient  vintage  than  the  QueerCB  Court  verses  were  sent 
to  Burgrave  Franz  Kolowrat  for  the  Bohemian  Museum.  These 
two,  "The  AssembUes"  (Sn6my)  and  "Libu§a's  Verdict  "  (Libusin 
Soud),  called  collectively  the  Qrem  Mountain  Manuscript  {ZeUno- 
horsky  Rukopis),  were  published  a  year  or  so  later  in  the  new 
Warsaw  journal  Prawda  Ruska.  In  1822  they  were  reprinted  by 
the  brothers  Jungmann  in  their  new  periodical  Krok. 

When  the  Queen's  Court  Manuscript  appeared  it  caused  a 
stir  in  Slavonic  circles  and  there  was  more  or  less  general  agreement 
that  here  was  indeed  a  splendid  find.  When  the  second  group  of 
verses  was  published  divided  opinion  greeted  it.  Joseph  Dob- 
rovsky,  the  most  respected  Slavonic  scholar  in  the  Empire,  pro- 
nounced them  the  ingenious  work  of  an  impostor  and  in  this 
opinion  he  was  heartily  seconded  by  Kopitar.  Opposed  to  this 
school  was  a  group  that  held  the  manuscripts  to  be  genuine,  with 
the  very  Vdclav  Hanka  whom  Kopitar  accused  of  having  been  the 
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actual  ''scripturae  felix  imitator",^**  at  its  head.  In  this  camp 
stood  not  only  Bowring's  collaborator  and  friend  Celakovsky  but 
Jungmann  and  Safarik  and  Palacky  as  well. 

Matters  stood  thus  when  Bowring  rode  onto  the  field.  He 
would  have  done  better,  Dobrovsky  hinted,  to  confine  himself  to 
money  matters  than  to  enter  the  philological  lists.^'  Not  Bowring. 
He  did  in  his  article  for  the  Foreign  Quarterly  Review  exactly  what 
he  told  Celakovsky  he  would  do;  he  gave  both  sides.  He  had 
early  been  advised  by  Safarik  that  the  ''best  of  Bohemian  verse" 
was  to  be  found  in  Hanka's  collection  and  in  this  opinion  had  been 
reinforced  by  Celakovsky.  Dobrovsky,  on  the  other  hand,  had 
called  them  the  work  of  an  impostor.  Taking  a  stand  of  his  own 
on  middle  ground,  Bowring  drew  attention  to  the  fact  that  Dobrov- 
sky had  indeed  called  the  verses  spurious  but  that  "a  contrary 
doctrine"  was,  however,  "held  by  Hanka,  CelakovskJ^,  and  other 
authorities".*® 

It  was  high  summer  and  DobrovskJ^  was  at  Chudenitz  when 
he  saw  Bowring's  article.  So  this  was  what  the  Englishman  had 
made  out  of  that  package  of  books  they  had  sent  him,  he  wrote 
Kopitar.  He  had  not  only  dared  throw  suspicion  on  the  scholarly 
judgment  of  himself,  Joseph  Dobrovsk;^,  but,  worse  than  that, 
had  set  up  Hanka  and  Celakovsky  as  "authorities"  of  the  same 
stature  as  himself! " 

Dismissing  the  review  as  Bowring's  ''Dandy-Artikel",''^  Kopitar 
charged  into  battle.  He  was  hurt  and  angered  for  his  beloved 
master's  sake  and  he  lost  no  time  in  telling  Bowring  exactly  the 
impression  his  article  had  made.  *'You  have  insulted  the  Abbot 
Dobrovsky",  he  wrote,  "the  Abbot  who  is  a  venerable  sage,  the 
greatest  savant  and  critic  of  literature  and  history  not  only  of  the 
Slavs  but  of  all  Austria,  and  against  him  you  cite  two  'blanc-becs' 
like  C  and  H,  pupils  of  his,  men  entirely  without  authority  among 
scholars  in  general." 

Dobrovsky  first,  then  Kopitar  in  his  turn,  were  both  much  more 
than  angered  by  Bowring's  article;  they  were  seriously  disturbed 
by  its  implications.  Bowring's  repeated  allusions  to  the  anti- 
Slav  activities  of  tlie  Vienna  police  and  of  the  Imperial  Govern- 
ment itself  made  both  uneasy.    Dobrovsky  saw  at  once  the  danger 

Brief  xcechscl,  p.  597. 
^  Brief  week  xd,  p.  617. 
*•  Foreign  Quarterly  Review,  II,  p.  149. 
*^  Bru^toeehsO,  pp.  616-617. 

Briefwechul,  p.  619. 
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in  Bowring's  "invectives  against  the  Austrian  government"  as 
he  called  them,  while  Kopitar  charged  Bowring  straight  out  with 
perpetrating  untruths.  He  denounced  him  for  painting  "our 
police  like  the  Spanish  Inquisition"  by  declaring  that  "The  very 
names  of  Bohemia  and  Bohemians  it  is  the  policy  of  the  govern- 
ment of  Bohemia  to  banish"  and  other  similar  statements.** 
To  Bowring's  observation,  provoked  by  KoUar's  "Daughter  of 
Slava",  that  *'We  have  been  somewhat  surprised  that  language  so 
free  and  sentiments  so  lofty  should  have  })een  allowed  to  circulate 
in  Bohemia"  Kopitar  protested  that  Kollar's  enemies  would 
certainly  use  Bowring's  words  to  prove  Kollar's  designs  criminal, 
especially  Bowring's  sly  comment  that  the  'Vlangerous  nature" 
of  Kollar's  thoughts  must  have  been  hidden  from  the  censor  by  tlie 
poem's  allegorical  trappings.  All  Bowring  could  do  to  repair  the 
damage  he  had  done,  Kopitar  warned,  was  to  refrain,  at  lea^t, 
from  repeating  such  words  in  the  final  Antholog}'. 

Celakovsk}'  was  no  less  anxious  over  the  article's  possible  effect 
on  Kolldr's  fortunes  than  Kopitar.  He  liked  the  review  on  the 
whole  but  this  aspect  of  it  worried  him;  how  would  Vienna  take  it? 
To  his  worried  query  about  this  regrettable  consequence  of  a  well- 
intentioned  article,  Bowring  replied  that  he  was  confident  no  harm 
would  come  of  it,  since  all  who  read  the  article  would  undoubtedly 
be  lenient  in  their  judgment  of  it.  "We  say  many  things  without 
weighing  them,"  he  wrote  Celakovsk^,  "because  nobody  calls  us  to 
account  for  what  we  say.  But  we  must  not  be  judged  harshly, 
for  we  mean  well.  We  desire,  I  hope,  so  to  see  you  all  as  happy  and 
as  free  as  may  be,  at  least  as  free  as  would  add  to  your  happiness, 
and  we  have  to  tune  our  harps  to  English  feelings  and  take  a 
somewhat  advanced  stand  in  the  political  contest." 

Kopitar  later  toned  down  his  rebukes  to  Bowring  but  he  never 
departed  from  the  position  he  took  originally  that  Bowring  should 
reahze  the  harm  he  could  do  the  Slavonic  cause  "by  heaping 
charges  of  injustice  on  \'ienna  ".  In  the  manuscript  controversy  it 
was  Bowring  who  did  not  depart  from  the  position  he  liad  first 
taken;  his  final  word  in  the  Cheskian  Anthology  was,  ''Between  such 
authorities  I  tlare  not  attempt  to  decide."  *^ 

In  1829,  when  Bowring  would  normally  have  published  the 

^  Brirf in  rfnii  I,  p.  GIG. 
"  Fonign  (Jiiarlrrhj  Rcrifir,  II,  p.  147. 
"  Foreign  QuarUrly  litvit  ir,  II,  p.  IG7. 
Cheskian  Anthology,  p.  9. 
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Anthology  in  the  projected  three-vokime  form,  the  firm  in  which 
he  was  a  partner  failed,  and  he  was  obliged  to  seek  a  post  in  the 
government  service.  He  had,  therefore,  to  keep  putting  Celakov- 
sky  off  from  month  to  month,  finally  from  year  to  year,  urging  him 
at  length  that  if  he  wished  to  see  the  Anthology  published  he  would 
have  to  secure  at  least  a  hundred  subscribers  in  advance,  since  he 
himself,  the  father  of  seven  children,  was  in  no  position  to  risk  a 
loss  and  since  the  temper  of  the  times  was  now  one  of  indifference 
to  everything  except  politics. 

To  keep  alive  popular  interest  in  Bohemian  poetry  while  the 
book  was  hanging  fire,  Bowring  sent  up  a  second  parachute  with 
his  review  of  Hanka's  spectacular  discoveries  in  "Ancient  Bohemian 
Ballads",  published  in  the  Wesiminsier  Review  for  April,  1830. 
In  the  late  twenties  Bowring's  work  had  taken  him  to  Holland  and 
in  1829  he  had  been  awarded  an  honorary  doctorate  in  languages  by 
the  University  of  Groningen.  Subsequently  he  was  sent  on  a 
mission  to  Paris  and  his  research  in  that  city  kept  him  for  months 
extremely  busy.  In  the  middle  of  1831,  however,  when  Celakov- 
sk^  finally  came  across  with  forty  subscribers  to  the  Anthology, 
sixty  less  than  stipulated,  Bowring  took  time  to  put  the  book 
through  the  press  on  the  strength  of  this  guarantee.  Thus,  in  a 
manner  totally  different  from  that  foreseen  in  1827  when  it  was 
undertaken,  the  fourth  and  final  Slavic  Anthology  saw  the  light 
of  day.  It  appeared  in  the  year  of  the  great  Reform  Bill,  a  modest 
volume  just  a  third  as  large  as  first  pr()j)()sed,  witli  a  warm  dedica- 
tion to  the  one  who  had  made  it  possil)le,  Frantisek  Celakovsky. 

The  only  important  periodical  to  review  the  ChcHkian  Anthology 
specifically  was  the  weekly  Athemvum,  a  journal  of  strong  Liberal 
tendencies,  friendly  on  the  whole  to  Bowring.  By  this  time  Bow- 
ring had  published  translations  from  Russian,  Batavian,  Spanish, 
Serbian,  Polish,  Dutch  and  Magyar,  tongues  so  numerous  and 
unfamiliar,  not  to  say  amusing,  to  the  average  English  reader  that 
a  new  volume,  and  that  a  ''C'heskian",  was  an  event  not  unlikely 
to  provoke  a  wondering  ''What  next?".  In  this  vein  wrote  the 
Aihenxum  on  the  31st  of  March: 

We  lie  under  personal  obligation  to  Mr.  Bowring — we  beg  his  pardon 

— he  is  a  Doctor,  if  not  of  Laws,  at  least  of  Languages.  We  knew  him — 
or  rather  he  knew  us — in  infancy,  when  he  had  the  kindness  to  translate 
our  little  wants  from  the  Bal)y-lonian  into  the  mother-tongue.  In  our 
school  days  he  \  oluntoercd  to  do  our  exercises  in  French,  Latin  and  ItaUan, 
and  was  our  proxy,  we  renaember,  in  learning  Greek  and  Hebrew.  .  .  . 
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These  are  private  obligations,  but  Mr.  Bowring  has  added  to  our 

national  doht  to  him  by  publication  of  the  Cheskian  Anthology.  The 
poets  of  Britain  must  rejoice  to  find  that  they  have  such  a  band  of 
Bohemian  Brothers  a?  sing  in  this  little  volume.  .  .  .  Poems  done  into 
English  generally  drink  dreadfully  like  the  homemade  wines — they  may 
be  named  after  the  Spanish  or  the  Rhenish — but  they  smack  of  nothing: 
but  domestic  currant  and  gooseberr}-.  This  is  not  the  case  with  Mr. 
Bowring.  He  imports  or  smuggles  over  the  genuine  spirit  of  his  author — 
Spanish  or  Polish,  Russian  or  Magyar  .  .  .  etc. 

We  would  fain  quote  a  few  of  the  early  lyrics  and  some  beautiful 
sonnets  from  Kollar,  but  want  of  room  forbids,  and  besides,  we  can 
safely  advise  the  lover  of  poetry  to  extract  the  whole  volume  from 
Hunter.^' 

\T 

The  Athenxum  was  by  no  means  the  only,  nor  even  the  first, 
London  journal  to  find  Bowring's  fecundity  and  ubiquity  as  a 
translator  amusing.  It  was  Ftaser^s  Magazine  that  started  the 
vogue  of  poking  fun  at  the  good  Doctor  and  even  made  it  "the 
thing''  to  do  so.  As  a  matter  of  fact  it  would  not  have  taken  the 
eight  assorted  volumes  of  poetry  that  had  appeared  by  1830  to 
set  Fraser^s  off:  if  this  tumultous  journal  had  existed  when  the 
very  first  of  them,  the  Russian,  appeared  in  1821,  Bowring  would 
undoubtedly  have  been  summoned  then  and  there  to  one  of  Nol 
Yorke's  fictitious  levees  for  de-frocking.  As  it  was,  the  Fraserians 
waited  only  until  their  second  meeting,  in  March  1830,  to  loose 
their  barbs.  Teasing  a  Benthamite  was  such  good  fun  that 
Maginn  and  his  fellow-wits  were  loath  to  let  their  victim  go  until 
they  had  given  him  a  good  trouncing  and  stripped  him  of  what 
they  calletl  his  garb  of  pretense.  To  prolong  the  sport  and  to  give 
their  jeers  a  pontifical  air  not  unlike  Bowring's  own,  the  Fraserians 
fabricated  a  reviewer,  a  polyglot  more  accomplished  even  than 
Bowring,  to  deal  with  the  Doctor's  verses.  This  fellow,  whom 
they  called  by  the  absurd  name  of  Quaffypunchovicz,  they  turned 
loose  on  poor  Bowring! 

Less  in  Fraserinii  raillery  than  in  pure  fun  was  the  Metropoli- 
tan's critique  of  Dr.  Bowring  in  the  Fable  of  the  Dog  that  Talked.^^ 

*"  op.  cit.,  No.  231,  p.  203. 

"  Frnser'8,  1,  Mar.  1830,  pp.  155-177;  May,  1830,  pp.  433^42;  June  1830,  pp. 

GUI  (i04. 

**  "Discovery  of  a  New  I^anguage  by  Dr.  Bowriiifj  by  Mark  Marvel,  AfetropoUtan 
Mngnzinr,  VI,  Feb.  18.33,  pp.  148-153.  The  Dog-Ril)  Indians  were  in  the  news  at  thi.s 
time,  thanks  to  the  publication  in  1828  of  the  Second  Narrative  of  the  Franklin  Polar 
Expedition  which  mentions  them  extensively. 
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"On  a  drizzly,  damp  November  night"  the  author  of  the  fable 
was  ''startled  out  of  his  preoccupation"  as  he  was  returning  home 
through  a  heavy  London  fog  })y  the  pitiful  moan  of  a  dog.  Shocked 
by  the  poor  creature's  pinched  look,  he  did  what  he  could  to 
relieve  its  hunger  by  feeding  it  bits  of  gingerbread  that  he  fovmd 
in  his  pocket.  Suddenly,  in  a  moment  of  the  dog's  ''suspended 
mastication",  the  author  detected  something  tliat  startled  him: 
the  noises  the  poor  thing  emitted  ''wore  the  semt)lance  of  articulate, 
syllal)ic  sound"!  Here  Dr.  Bowring  entered — for  he  alone  of  all 
the  author's  acquaintance  was  competent  to  communicate  with 
this  "singular  quadruped".  Fortunately  Dr.  Bowring  was  in  the 
neighborhood.  Tying  the  dog  to  a  post,  the  author  routed  out 
the  learned  Doctor  and  led  him  back  to  the  Dog.  In  no  time  at 
all  Dog  and  Doctor  were  engaged  in  animated  conversation! 
Dr.  Bowring  had  placed  the  dialect,  obscure  though  it  was,  spoken 
by  the  unhappy  creature:  it  was  a  ''modification  of  the  dialect 
spoken  by  the  Dog^ribbed  Indians  of  North  America"!  The 
upshot  of  the  encounter  was,  of  course,  that  Dr.  Bowring  under- 
took ^'a  volume  on  the  language  and  poetry  of  dogs  and  its  affinity 
with  that  of  the  Dog-ribbed  Indians^' ! 

The  most  friendly  gibe  at  Bowring's  polyglottism  was  a  doggerel 
by  his  colleague  in  the  Liberal  movement,  Thomas  Hood: 

To  Bowring!  man  of  many  tongues, 

(All  over  tongues,  like  rumour) 
This  tributory  verse  belongs, 

To  paint  his  learned  humour, 
All  kinds  of  gab  he  knows,  I  wis, 

From  Latin  down  to  Scottish — 
As  fluent  as  a  parrot  is. 

But  far  more  Polly-glottish. 

No  grammar  too  abstruse  he  meets, 
However  dark  and  verby; 

He  gossips  Greek  about  the  streets, 

And  sometimes  Russ — in  urbe. 
Strange  tongues — whatc'er  you  do  them  call. 

In  short  the  man  is  able 
To  tell  you  what's  o'clock  in  all 

The  dialects  of  Babel. 

Take  him  on  'Change — in  Portuguese, 

The  Moorish  and  the  Spanish^ 
Polish,  Hungarian,  Tyrolesc, 

The  Swedish  or  the  Danish; 
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Try  him  with  these  and  fifty  such, 

His  skill  will  ne'er  diminish, 
Although  you  should  begin  in  Dutch, 
And  end  (like  me)  in  Finnish.'^ 

Bowring  received,  however,  his  share  of  serious  attention  and 
honest  appraisal  even  after  he  had  published  so  numerous  a  string 
of  anthologies  as  to  make  even  his  most  partisan  supporter  suspect 
him  of  what  Fraser^s  called  '^nineteenth-centuryizing  us,  with  this 
same  knack  of  translating  from  all  the  tongues  of  Babel". ^'  Fraser's 
itself,  for  all  its  raillery,  had  to  admit  that  "In  the  province  of  song 
and  ballad  translation  probably  few  men  have  deserved  better 
than  Dr.  Bowring;  not  on  account  of  any  supreme  manifestation 
of  talent  in  the  individual,  but  simply  on  the  score  of  industry."  " 
In  1831  the  Edinburgh  Revieu\  having  weighed  the  merits  of  all 
Bowring's  translations  as  a  whole,  came  to  this  conclusion  about 
the  many-tongued  Doctor: 

His  varied  and  almost  Mitliridatic  acquaintance  with  the  languages  of 
modem  Europe,  extending  even  to  their  less  classical  or  almost  forgotten 
dialects,  and  that  liberal  spirit  in  literature,  which  so  extensive  a  field 
of  enquiry  is  sure  to  produce,  seemed  peculiarly  to  mark  him  out  as  one 
fitted  to  transfer  to  his  country  those  strains  which  had  conferred  celebrity 
on  their  authors  in  their  own;  or  which,  though  their  origin  and  authorship 
are  lost  in  tlie  darkness  of  antiquity,  had  long  cheered  the  peasant  in  liis 
sledge  amidst  the  frozen  snow,  or  been  associated  with  the  jollity  of  the 
harvest  and  the  vintage,  or  the  more  tranquil  mirth  of  the  fireside.^ 

The  two  contemporaries  most  competent  to  pass  on  Bowring's 
merit  as  a  translator  and  on  the  value  of  his  contribution  in  the 
field  of  Slavonics  were  both  across  the  Atlantic  in  New  England. 
The  two  were  Talvj,  now  Mrs.  Edward  Robinson,  and  the  poet 
James  Gates  Percival,  the  former  a  resident  of  Boston,  the  latter 
one  of  New  Haven's  "characters".  Talvj  appreciated  Bowring's 
pioneering;  his  translations  and  surveys  were  in  every  case  the 
only  ones  in  English  to  which  she  could  refer  her  readers  when  she 
herself  undertook  in  America  a  pioneer  venture  not  unlike  that 
Bowring  had  begun  in  England  more  than  a  decade  earlier.  In  the 
editorial  work  on  wliicli  he  was  engaged  in  the  late  l?^20's  Percival 
drew  heavily  on  the  Introductions  to  Bowring's  volumes  and  in  the 

^"  Lew  in  B.  Bowring,  AuloJ  iographieal  RecoUedions,  London,  1877,  pp.  63-64. 
5>  Fras<rs,  I.  M;iy  1830,  [).  433. 
"  Idem,  Mar.  l!S30,  p.  158. 
**0p.  cit.,  Jan.  1831.  pp.  322-323. 


Copyrighted  material 


JOHN  BOWRING  AND  POETRY  OF  SLAVS 


457 


earl}-  1830'.s,  moreover,  when  he  began  to  translate  from  the 
Slavonic  tongues  himself,  he  followed  Bowring's  guidance  almost 
slavishly.  Percival  did,  however,  what  Bowring  never  did;  he 
freed  himself  quickly  from  the  German  intermediary  tongue  and 
mastered  Russian  and  Serbian,  Polish  and  Czech  sufficiently 
for  translation  from  these  languages  directly.  In  the  end,  there- 
fore, Percival  turned  on  his  first  guide  and  rebuked  him  for  his 
superficiality.^'' 

Another  contemporary^  who,  being  something  of  a  linguist 
himself,  had  a  good  deal  to  say  about  Bowring  as  a  translator  was 
the  American  John  Neal.  In  the  Knickerbocker  Magazine  (New 
York)  for  November,  1833,  Neal  wrote," 

As  a  translator  we  think  rather  highly  of  Dr.  Bowring.  His  method  is 
peculiar  and  the  results  happy,  though  we  are  inclined  to  believe  his 
translations  of  great  authors  mere  paraphrases  and  unfaithful  in  what 
should  be  the  predominating  features  of  such  labors.  The  music  is 
preserved  and  the  thoughts,  when  those  thoughts  are  on  a  level  with  the 
translator's  imagination.  But  beyond  this  they  are  of  necessity  feeble 
and  false;  and  as  we  ran  easily  measure  the  height  and  depth,  yea,  the 
length  and  the  breadth  of  Dr.  John  Bowring's  imagination  by  his  original 
pieces,  we  may  be  sure  that  the  burning  passion,  the  overpowering  pathos 
and  the  terrible  sublimity  of  the  great  northern  bards  are  not  and  cannot 
be  rendered  by  him. 

Neal  did  not  like  Bowring  at  all,  yet  he  was  obliged  to  admit 
Bowring's  enormous  reputation,  "not  only  at  home,  but  here 
[in  America]  and  throughout  the  whole  of  northern  and  a  part  of 
southern  Europe;  now  as  a  critic  and  reviewer  and  now  as  the 
author  of  much  beautiful  and  simple  poetry;  here  as  a  linguist 
hardly  inferior  to  Sir  William  Jones  himself  and  there  as  the  only 
'faithful  and  free'  translator  of  many  an  unknown  language,  with 
all  its  treasures  and  glories.  .  . 

Such  a  reputation  Bowring  had,  undeniably,  both  on  the  conti- 
nent and  at  home,  as  well  as  in  America.  Few  of  Bowring's 
admirers  realized,  even  William  J.  Linton  who  called  his  transla- 
tions "too  facile",'"  that  everything  he  versified  in  English  had 
come  into  being,  as  Shaw  pointed  out,  by  being  distilled  through 

**  See  letters  and  unpublished  writings  of  James  Gates  Percival,  Yale  University 
Library,  New  Haven,  Conn. 

"  "Portraits  of  Distingxiished  Contemporaries:  Dr.  Bowring",  op.  cil.,  II,  Nov. 
1833,  p.  365.   Neal  wrote  this  in  a  pseudo-Fraserian  manner. 

w  rdem,  p.  358. 

"  William  James  Linton,  Memories,  London,  1895,  p.  160. 
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the  "alembic  of  an  intermediary  tongue".**  '  Nor  would  most  of 

Bowring's  readers — Carl  vie  and  Thackeray  and  tlie  ot  her  Fraser- 
ians  excepted — have  found  any  fault  with  the  method,  had  they 
known  it.  Bowring's  generation  did  not  take  the  literature  of 
the  Slavs  very  seriousl3%  Even  (lerman  was  only  beginning  to  be 
treated  as  a  subject  for  earnest  stud}',  leading  the  procession  in 
which  later  the  Slavonic  tongues  were  to  march.  Bowring  was  the 
sort  of  interpreter  of  the  Slavs  his  generation  could  understand. 
His  ^'ery  grandiosity  was  a  recommendation,  his  Schwdrnierei 
attractive. 

The  final  judgment  of  Bowring's  contemporaries  upon  him  as 
a  translator  of  Slavonic  verse  is  well  summarized  in  the  Edinburgh 
Review's  opinion,  delivered  at  the  time  of  reviewing  all  his  Slavonic 
volumes  except  the  Cheskian: 

The  translator  is  to  poetry  what  the  adventurous  merchant  is  to 
commerce.  He  circulates  the  produce  of  thought,  varies  our  intellectual 
banquets,  teaches  us  that  some  accession  to  our  store  may  be  derived 
from  those  quarters  which  we  had  regarded  as  the  most  sterile  and  un- 
promising:, and  thus  adds  another  link  to  the  chain  of  social  and  kindly 
feeling;  which  should  bind  man  to  his  fellows.  In  this  commerce  of 
mind  few  have  labored  more  assiduously  than  Dr.  Bowring.^' 

Linton  said  there  was  about  him  ''a  little  of  the  Girondist,  of 
the  pedagogue",  but  that  "he  was  a  good  citizen  and  a  man  to  be 
respected". He  was  exactly  that  and  an  enterprising  indefatig- 
able peddler  besides. 

Chronological  LUt  of  Writings  on  Slavonic  Poetry  hjf  John  Bowring  him»df  in  British 

Periodicals  during  the  years  i8Sl-45 

1.  "Politics  and  Literature  of  Russia",  Westmimter  Review,  I,  pp.  80-101,  Jan.  1824. 

2.  "Sprcimpn  of  Popular  Poetry  from  the  Old-Sclavonic-Polisli  Dialect  tjpoken  in  the 

Province  of  Volhynia"  IThe  Three  Fountains^,  London  Magazine,  IX,  pp.  132- 
133,  Feb.  1824. 

3.  "From  the  Polish  of  Zimorowicz"  [/  saw  thee  from  my  casement  highj^  London 

.\fagazinr,  IX,  p.  188,  Feb.  1824. 

4.  "J.  A.  Krilov  s  Russian  Fables",  Westminster  Review,  IV,  pp.  176-178,  July  1825. 

5.  "Popular  Poetrjr  of  the  Servians",  Westminster  Review,  VI,  pp.  23-39,  July  1826. 

6.  "Bohemian  Literature",  Foreign  Quarkrhj  Review,  II,  pp.  145-174,  Feb.  1828. 

7.  "lUyrian  Poems",  WeatminsUr  Review,  X,  pp.  71-81,  Jan.  1829  IProbably  by 

BowrinR^- 

8.  "The  Present  State  of  Literature  in  Poland",  Foreign  Quarterly  Review,  V,  pp.  69fr- 

704,  Feb.  1S30. 

9.  "Ancient  Botiemian  BaUads",  Westniinster  Review,  XII,  pp.  304-321,  AprU  1830. 

»•  See  article  cited  in  Note  2,  p.  282. 
»»Op.  rit.,  Jan.  1831,  p.  322. 
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KASL  S.  LASHLBT 

Eesearc'h  Professor  of  Neuropsychology,  Harvard  University 
(Bead  April  185,  1941,  in  Symposium  on  Becent  Advances  in  Psychology) 

Studies  of  the  nervous  system  and  of  physiological  psy- 
choloc:y  have  as  a  common  aim  the  understanding  of  mental 
processes  in  terms  of  the  activities  of  the  brain.  In  his  GiflPord 
lectures,  delivered  in  1938,  Sir  Charles  Sherrington  presents  an 
extensive  analysis  of  the  relations  between  events  within  the 
brain  and  the  phenomena  of  mind  (12).  Summing  up  the  prob- 
lem he  says : 

No  attributes  of  'energy'  seem  findable  in  the  processes  of  mind. 
That  absence  hampers  explanation  of  the  tie  between  cerebral  and  mental. 
Where  the  brain  correlates  with  mind,  no  microscopical,  no  ph3rsical,  no 
chemical  means  detect  any  radical  differences  between  it  and  other  nerve 
which  does  not  correlate  with  mind.  In  both  regions,  whether  'mental 
brain*  and  [or]  'non-mental  brain',  changing  electrical  potentials  along 
with  thermal  and  chemical  actions  make  a  physiological  entity  held  to- 
gether by  energy-relations.  To  correlate  with  that  physiological  entity,  a 
suite  of  meutal  experience,  a  complex  of  thought,  feeling,  conation,  an  ac- 
tivity no  doubt,  but  with  what  if  any  relation  to  electrical  potential,  heat 
and  chemistry.  For  myself,  what  little  I  know  of  the  how  of  the  one  does 
not,  speaking  personally,  even  begin  to  help  me  toward  the  how  of  the 
other.  The  two  for  all  I  can  do  remain  refractorily  apart.  They  seem  to 
me  disparate ;  not  mutually  convertible ;  untranslatable  the  one  into  the 
other  (page  312). 

With  this  statement  the  greatest  living  neuro-physiologist 
despairs  of  finding  a  common  ground  between  the  sciences  of  the 
brain  and  of  mind.  I  am  confident,  however,  that  the  outlook  is 
not  so  hopeless  as  Sir  Charles  believes.  In  fact  he  seems  to 
have  missed  a  solution  of  the  problem  by  no  more  than  the 
turning  of  a  page.  In  the  same  lectures  he  has  faced  the  prob- 
lem of  the  nature  of  life  and  has  found  that  life  is  not  a  thing- 
attached  to  this  or  that  substance  or  chemical  action,  but  is 
organized  activity,  varying  in  character  with  complexity  of 
structure  and  ranging  without  discoverable  discontinuity  from 
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the  nearly  crystalline  simplicity  of  the  filterable  virus  to  the 
elaborate  organization  of  the  mammalian  body.  He  has  just 
missed  seeing  that  mind  also  is  not  a  thing  attached  to  life,  a 
unique  form  of  existence,  but  is  a  term  including  an  indefinite 
number  of  complex  structures  or  relations. 

Perhaps  the  most  important  contribution  of  psychologists  to 
this  problem  has  been  the  realization  that  the  characteristics  of 
the  mental  can  be  stated  meaningfully  only  as  a  structure  or  or- 
ganizatioh  of  elements  which  are  themselves  as  purely  concep- 
tual as  is  the  energy  of  physics.  Such  a  notion  was  foreshad- 
owed by  the  growth  of  behaviorism  (5,  7),  but  it  remained  for 
the  logical  positivists  to  develop  a  critique  of  scientific  thiiikiim 
which  gives  it  rigorous  formulation  (13).  When  the  supposed 
characteristics  of  the  mental  are  tried  in  the  fire  of  operational 
definition,  the  most  imposing  of  them  ev^aporate.  Mind,  Avlieu 
analyzed  to  its  definable  constituents,  has  no  discernible  proper- 
ties other  than  organization  or  integration  of  processes  which 
differ  through  a  range  of  complexities  as  wide  as  the  structural 
differences  between  the  virus  and  the  human  body. 

The  task  of  understanding  how  the  brain  thinks  is  simplified 
by  such  an  analysis  of  mind  and  there  are  already  indications 
that  the  electrical  and  chemical  activities  of  the  brain  are  or- 
ganized in  just  those  ways  which  have  been  thought  to  charac- 
terize as  unique  the  organization  of  mind.  As  a  leading  student 
of  electrophysiology  has  recently  said,  "The  behavior  of  brain- 
waves seems  more  psychological  than  physiological".  There  is 
no  need  to  seek,  as  Sherrington  has  done,  a  fundamental  differ- 
ence between  "mental"  and  "non-mental"  brain,  to  look  for  a 
special  form  of  ener.g^'  or  of  chemical  action  correlating  with 
mind,  but  only  to  look  for  corresi)ondenccs  of  organization  in 
physiological  and  mental  processes. 

In  the  brief  time  here  I  can  do  no  more  than  indicate  some 
of  the  areas  of  investigation  where  physiological  and  psychologi- 
cal studies  are  revealing  similar  complexities  among  physical 
and  mental  events.  There  is  not  yet  a  complete  coalescence  of 
the  neurological  and  psychological  phenomena  at  any  point,  but 
there  are  regions  of  confluence  where  the  transition  from  a  meta- 
physical to  a  scientific,  experimental  approach  to  the  problem  of 
mind  and  body  is  clearly  foreshadowed. 
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Studies  of  the  nervous  system  have  advanced  most  rapidly 
in  the  analysis  of  the  transmission  of  nerve  impulses  and  the 
integration  of  spinal  reflexes.  Generalization  from  such  studies 
has  produced  a  picture  of  the  nervous  system  as  a  great  as- 
semblage of  reflex  connections  in  which  nervous  impulses  are 
transmitted  over  limited  paths  in  one  direction  only  from  sense 
organ  to  nmscle.  It  is  this  picture  which  is  difficult  to  har- 
monize with  the  facts  of  psychology. 

Recent  anatomic  and  physiologic  studies  however  give  a 
quite  different  conception  of  the  integrative  processes  within  the 
central  gray  matter.  An  advance  of  prime  importance  was  the 
report  by  Lorente  de  No  (10)  of  the  intricacy  of  connections  be- 
tween the  cells  of  the  hippocampal  cortex.  Instead  of  one-way 
transmission  over  limited  paths,  his  figures  show  the  anatomic 
possibility  of  diffuse  spread  of  excitation  through  nervous  tissue, 
almost  as  through  a  continuous  network.  In  addition,  return 
circuits  make  possible  a  recurrent  excitation  which  will  maintain 
activity  for  various  lengths  of  time  and,  of  course,  greatly  com- 
plicate the  pattern  of  excitation.  The  action  of  such  recurrent 
or  reverberatory  circuits  has  been  demonstrated  experimentally 
(11). 

The  physical  properties  of  such  a  systoiii  are  (juite  dilTerent 
from  those  of  restricted  reflex  circuits.  It*  the  spatial  ])attern  of 
incoming  imjnilses  is  large  in  comparison  with  the  units  of 
nervous  organization,  as  is  the  case,  then  the  cortex  will  have 
some  of  the  properties  of  a  homogeneous  medium  for  transmis- 
sion of  the  effects  of  stimulation.  Excitation  at  a  point  will 
spread  as  a  w^ave  of  nervous  impulses  traversing  the  network  in 
all  directions.  Such  waves  wall  reinforce  or  cancel  each  other 
according  to  their  time  relations  and  the  refractory  periods  of 
the  transmitting  system.  With  repeated  volleys  of  impulses  at 
regular  intervals  the  activity  of  the  cortex  will  tend  to  stabilize 
in  a  repetitive  pattern  extending  throughout  the  sensory  area. 
The  analogy  with  wave  transmission  on  the  surface  of  a  liquid 
is  fairly  close,  although  any  excitation  pattern  must  be  greatly 
modified  by  the  inherent  characteristics  of  the  reverberatory  cir- 
cuits. 

Studies  of  the  electrophysiology  of  the  cortex  lend  some  sup- 
port to  this  inference  from  structure.  In  a  quiescent  state  the 
nerve  cells  of  large  cortical  areas  fall  into  synchronous  activity 
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which  is  detected  through  their  summated  action  potentials,  re- 
corded in  the  so-called  brain-waves  of  the  elect  l  oeiK  cplialotrram. 
This  activity  appears  as  successive  fluctuations  of  electrical  i)o- 
tential  at  frequencies  of  from  4  to  30  per  second,  the  f retpiencies 
relatively  constant  for  each  part  of  the  cortex  and  maintaining 
a  uniform  character  over  entire  cortical  areas  (2). 

One  of  the  chief  stumbling  blocks  for  neurological  theory  has 
been  the  fact  that  whereas  the  reflex  seems  determined  by  cer- 
tain definite  nerve  cells,  psychological  functions  are  largely  in- 
dependent of  such  definite  structural  limitations.  For  example, 
an  object  seen  with  one  part  of  the  retina  is  immediately  recog- 
nized when  its  image  falls  on  another  part,  activating  an  entirely 
different  group  of  nerve  cells.  It  may,  indeed,  be  stated  as  a 
general  principle  of  beliavior  that  psychological  functions  are  of 
such  a  character  that  they  must  be  independent  of  the  particu- 
lar nerve  cells  excited  and  be  determined  by  the  patterns  or 
relations  between  points  of  excitation  (8). 

Much  of  my  own  work,  based  on  operative  destruction  of 
parts  of  the  brain  combined  with  experimental  studies  of  learn- 
ing, has  shown  a  similar  independence  of  function  from  the 
structural  details  of  the  brain.  Thus  a  differential  reaction  to 
visual  stimuli  wiU  survive  the  operative  destruction  of  any  part 
of  the  brain  except  the  lateral  margin  of  the  visual  cortex  and,  in 
addition,  any  part  of  this  critical  area  may  be  destroyed  and 
the  visual  organization  will  still  persist.  The  individual  ele- 
ments of  the  visual  cortex  are  ecpiivalent  for  the  visual  reactions. 
Similar  lesults  for  other  functions  and  other  parts  of  the  brain 
have  been  obtained  (9). 

Such  an  organization  can  be  understood  only  in  terms  of  a 
reduplication  of  functional  elements.  The  equivalence  of  parts 
which  is  apparent  in  the  growth  of  crystals  or  of  the  early  blas- 
tula  involves  a  reduplication  of  molecular  elements  or  of  chromo- 
some mechanisms.  The  structure  of  the  cerebral  cortex  seems 
to  provide  in  the  same  way  for  a  reduplication  of  functional 
elements.  Although  little  is  as  yet  known  of  the  details  of  nerv- 
ous integration  within  the  cortex,  such  a  system  as  I  have  de- 
scribed implies  an  interference  pattern  of  propagated  impulses 
which  may  be  reduplicated  throughout  an  entire  functional  area 
and  so  induce  functional  effects  which  are  independent  of  the 
particular  structural  elements  transmitting  the  pattern.  Such 
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a  model  meets  the  requireinents  iiii})osed  l)y  psychological  data 
and  from  it  also  some  of  the  facts  of  perceptual  organization  can 
be  predicted. 

Students  of  the  psychology  of  perception  are  approaching 
this  same  problem  by  different  methods.  Analysis  of  the  ways 
in  which  the  sensory  elements  are  combined  in  perceptual  pat- 
terns reveals  that  the  laws  of  their  combination  correspond 
closely  to  the  physical  laws  of  energy  distribution.  For  ex- 
ample, the  mutual  influences  between  a  perceived  figure  and  the 
background  on  which  it  occurs  are  in  part  comprehensible  in 
terms  of  interphase  phenomena  at  the  boundaries  between  the 
figure  and  its  background.  The  degree  of  interaction  of  sepa- 
rate portions  of  the  visual  field  varies  with  their  distance  of 
separation  in  ways  characteristic  of  a  gradient  system  (6). 

The  development  of  this  subject,  which  is  due  largely  to  Pro- 
fessor Kohler  and  his  associates,  represents  an  important  step 
toward  a  reduction  of  perceptual  organization  to  physiological 
terms.  It  is  true  that  these  two  lines  of  analysis,  neurological 
and  psychological,  have  not  yet  led  to  a  common  description  of 
organization.  The  behavior  of  perceptual  elements  is  for  the 
most  part  best  described  in  terms  of  the  interaction  of  forces  in 
a  homogeneous  field,  in  terms  of  chemical  gradients,  of  potential 
differences  or  the  like,  whereas  the  patterns  of  nervous  activity 
I'Gveal  themselves  rather  as  interference  phenomena  among 
propagated  waves  of  excitation.  The  important  point  at  the 
present  stage  of  the  science,  however,  is  that  the  analyses  of  or- 
ganization show  a  convergence  in  which  the  electrochemical  ac- 
tivities of  the  brain  are  seen  to  have  some  of  the  properties  of 
mental  organization,  and  the  behavior  of  percepts,  some  of  the 
characteristics  of  a  physical  system.  Such  progress  is  ground 
for  the  hope  that  a  common  statement  of  principles  may  be 
reached  in  the  not  too  remote  future. 

A  second  point  of  convergence  of  physiology  with  psychology 
is  in  the  problem  of  motivation.  Psychology  speaks  of  emo- 
tional tensions,  drives,  interests,  and  the  like,  and  is  compelled 
to  express  these  as  quantitative  variables  representing  forces  of 
unknown  character,  which  are  not  directly  discoverable  in  ex- 
perience. Explanation  of  them  is  sought  in  physiological  proc-  • 
esses,  either  explicitly,  with  the  recognition  that  they  have  no 
mental  characteristics,  or  implicitly  by  the  postulation  of  an 
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unconscious  mind,  as  in  the  psychoanalytic  fantasies.  Physio- 
logical studies  are  making  some  progress  toward  an  understand- 
ing of  the  nature  of  these  forces,  especially  in  the  fields  of  sexual 
behavioi'.  Three  variables  have  been  found  to  contribute  to  the 
dominance  of  a  pattern  of  behavior.  These  are  chemical  activa- 
tion, adecjuacy  of  the  stimulus  situation,  and  amount  of  available 
nervous  tissue. 

The  sexual  or  maternal  drives  can  be  initiated  or  strenc^th- 
ened  by  tlie  injection  of  specific  hoiMuones.  The  sexual  interest 
and  activity  of  the  castrated  male  animal  is  restored  by  injec- 
tion of  testosterone.  Waning  maternal  interest  may  be  strength- 
ened by  an  extract  from  the  hypophysis.  This  chemical  rein- 
forcement of  the  drives  is  specific  for  several  drives  and  hor- 
mones, so  it  is  most  probable  that  the  substances  act  directly 
upon  the  nervous  system  to  increase  the  excitability  of  distinct 
nervous  organizations,  which  however  do  not  have  a  restricted 
localization. 

Destruction  of  parts  of  the  cerebral  cortex  reduces  the  inten- 
sity of  the  sexual  drives,  somewhat  in  proportion  to  the  extent 
of  damage.  Males  with  more  than  half  of  the  cortex  removed 
may  show  no  reaction  to  a  receptive  female.  Large  doses  of 
testosterone,  however,  will  restore  them  temporarily  to  normal 
interest  and  activity.  There  is  some  evidence  that  the  dose  of 
hormone  recjuired  is  directly  proportional  to  the  amount  of  brain 

•  tissue  destroyed  (1). 

Finallv,  the  excitaljilitv  and  intensitv  of  the  drive  varies  with 
the  a(le(|uacy  of  the  stinmlating  situation.  A  nursiiii^  mother 
rat  weans  her  voun<»"  and  ceases  to  care  for  them  w-hen  thev  are 
about  18  days  of  age.  If  at  that  time  she  is  given  a  new-born 
rat,  she  not  only  takes  it  to  her  nest  and  nurses  it,  but  she  also 
shows  a  revived  interest  in  the  youngsters  that  she  has  been 
w^eaning  and  drags  them  also  back  to  her  nest.  The  same  revival 
of  the  maternal  drive  has  been  achieved  by  hormone  injections 
(15). 

Thus  in  these  primitive  drives  chemical,  environmental,  and 
central  nervous  factors  are  somewhat  interchangeable.  Weak- 
ening of  any  one  of  the  three  may  be  compensated  for  by  addi- 

•  tion  to  the  others.  The  ultimate  mechanism  is  the  nervous  or- 
ganization of  which  the  excitability  may  be  increased  by  the 
hormone,  by  appropriate  stimulation,  or  by  some  factor  which 
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correlates  witli  tlie  amount  of  nervous  tissue  intnct.  This  latter 
factor  is  most  probably  some  mutual  reinforcement  of  equivalent 
patterns  of  nervous  activity.  There  is  evidence  from  other 
sources  that,  when  a  system  the  parts  of  which  are  equivalent 
for  a  reaction,  as  was  described  for  the  visual  cortex  in  dis- 
crimination of  visual  patterns,  is  destroyed,  the  efficiency  of 
what  remains  is  reduced,  although  its  functional  organization  is 
retained.  So  apparently  the  intensity  of  a  drive  may  be  dimin- 
ished by  a  brain  injury,  without  abolishing  its  organized  activity. 

Physiological  studies  have  as  yet  made  no  progress  toward 
analysis  of  the  less  primitive  motives  of  human  behavior.  In 
human  conduct  social  influences,  that  is,  effects  of  training,  are 
far  more  dominant  than  in  animal  behavior.  Such  training 
huilds  up  enornious  complexes  of  interrelated  habits  which  have 
some  mutual  facilitatini^  effect.  The  dynamic  mechanism  so 
established  is  probably  comparable  to  the  central  nervous  factor 
in  the  more  primitive  drive,  where  the  mass  of  excitable  tissue 
contributes  to  the  intensitv  of  the  drive.  Professor  Woodworth 
(16)  has  marshalled  psycholoj'ieal  evidence  in  sn])port  of  the 
interpretation  of  human  motivation  as  an  accumulation  of  such 
interrelated  habit  systems,  exertin,ij:  a  mutual  reinforcement  and 
thus  acquiring;'  the  potency  of  a  drive.  The  neurological  evi- 
dence is  consistent  with  such  a  view. 

There  is  thus  a  general  recognition  that  the  dynamics  of  be- 
havior is  not  available  for  direct  introspective  study,  that  it  is 
nonconscious,  or  non-mental,  and  can  only  be  reached  by  in- 
ference from  psvchological  studies.  Meanwhile,  physiology  is 
making  some  significant  progress  toward  an  understanding  of 
the  actual  processes  involved  in  motivation  at  least  at  a  primi- 
tive level. 

A  third  point  of  convergence  of  neural  and  psychological 
analysis  is  on  the  problem  of  the  organization  of  intellectual 
functions.  Psychological  analysis  of  the  components  of  intellect 
has  been  largely  a  logical  analysis  of  its  achievements.  That  is, 
intellectual  functions  have  been  classified  not  in  terms  of  how 
they  work  or  of  how  they  are  related,  but  in  terms  of  what  they 
accomplish.  The  mental  faculties  of  classical  psychology  were 
of  this  character  and  even  today  such  terms  as  emotion,  percep- 
tion, imairination,  abstraction,  or  reasoning:  do  not  represent 
functional  groupings  of  processes  of  like  nature,  but  only  classes 
of  such  activities  as  achieve  comparable  results. 
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It  has  never  been  possible  to  nnderstand  or  to  classify  the 
mental  defects  resultinf>-  from  brain  injuries  in  terms  of  such 
psychological  categories.  The  patient  with  a  temporal  lesion 
shows  limited  disturbances  in  speech  and  in  comprehension  of 
some  logical  relations  which  have  not  corresponded  to  any  recog- 
nized unitary  psychological  functions.  The  primary  defect  may 
be  in  the  formation  of  individual  words,  as  in  Head's  verbal 
aphasia  (4),  or  in  memory  for  names  of  conunon  objects,  as  in 
anmesic  aphasia  (3),  or  in  understanding  of  the  spatial  relations 
when  stated  in  verbal  form  (4).  Such  defects  of  the  language 
function  are  unintelligible  in  terms  of  the  current  psychology  of 
language,  and  point  to  physiological  variables  which  do  not 
correspond  to  current  classifications. 

In  the  past  decade  a  new  tool  for  the  analysis  of  intellectual 
functions  has  been  developed,  chiefly  by  Spearman  in  England 
and  Thurstone  in  this  country.  A  large  number  of  people  are 
put  through  a  great  variety  of  performance  tests,  in  fact,  the 
attempt  is  made  to  test  their  abilities  in  practically  everything 
that  a  man  can  do.  The  scores  are  then  subjected  to  a  vector 
analysis  to  determine  from  the  clustering  of  variations  in  what 
tests  individuals  tend  to  be  uniformly  good  and  in  what  uni- 
formly bad.  The  intercorrelation  of  the  test  scores  indicates 
those  tasks  which  are  dependent  upon  a  common  ability  or  a 
specific  kind  of  performance,  and  so  lead  to  a  definition  of  in- 
dependently variable  mental  functions. 

This  method  is  discovering  functional  variables  which  are  not 
those  of  classical  psychology.  For  example,  it  distinguishes 
between  the  ability  to  think  in  terms  of  the  spatial  relations  of 
objects  and  to  comprehend  non-spatial  relations.  It  distin- 
guishes facility  in  manipulating  separate  symbols,  as  in  recog- 
nition of  words  in  jumbled  letters,  from  facility  with  combina- 
tions of  symbols  as  in  grammatical  speech  (14).  It  is  difficult 
to  describe  these  variables  except  in  terms  of  the  tests  from 
which  they  are  derived,  for  they  do  not  correspond  to  any  fa- 
miliar classification  of  functions.  They  do  seem,  however,  to 
correspond  to  functions  which  may  be  independently  lost  as  a 
result  of  localized  brain  injury.  Certain  types  of  apraxia  are 
nuirked  by  difficulty  in  dealing  with  spatial  relations;  the  func- 
tion represented  by  manipulation  of  isolated  symbols  resembles 
the  ability  which  suffers  in  verbal  aphasia  as  defined  by  Henry 
Head,  and  there  are  other  less  clear  correspondences. 
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Psychology  has  still  to  discover  how  the  various  factors  re- 
vealed by  such  analysis  interplay  to  produce  organized  thought. 
Neurology  likewise  still  has  much  to  do  in  the  investigation  of 
the  interaction  of  cortical  fields  which  are  associated  with  di- 
verse functions.  Nevertheless  the  discovery  that  the  various 
capacities  which  independently  contribute  to  intellectual  per- 
formance do  correspond  to  the  spatial  distribution  of  cerebral 
mechanisms  represents  a  step  toward  the  recognition  of  similar 
organization  in  neuroloirical  and  mental  events. 

I  have  chosen  to  deal  here  with  progress  toward  a  remote 
fCoal,  which  must  be  treated  in  somewhat  general  terms,  rather 
than  to  report  more  conclusive  evidence  on  a  limited  problem, 
because  the  ancient  question  of  the  relation  of  mind  and  body 
underlies  all  neurological  and  psycholo<»ical  investigations  and 
because  the  developments  of  the  last  decade  seem  to  me  to  point 
to  a  possible  solution,  as  earlier  work  on  nerve  physiology  and 
cerebral  localization  did  not. 

The  recognition  that  the  mental  has  no  characteristic  proper- 
ties other  than  organization,  which  is  arrived  at  by  critical  ex- 
ainination  of  the  concepts  of  psychology,  paves  the  way  for  a 
comparison  of  neurological  and  mental  organization.  Studies 
of  the  anatomy  and  physiology  of  the  cerebral  cortex  are  reveal- 
ing integrative  mechanisms  which  differ  significantly  from  the 
reflexes  regarded  as  the  elements  of  nervous  organization  by 
physiologists  a  decade  ago.  The  physiological  organization  has 
some  at  least  of  the  characteristics  of  mental  organization.  An- 
alysis of  mental  phenomena  is  likewise  converging  toward  a 
description  of  organization  identical  with  the  physiological. 
Just  as,  with  the  recognition  of  the  complexity  of  the  atom, 
physics  has  progressed  to  a  reduction  of  the  ai)])arent  qualitative 
diversities  of  the  chemical  elements  to  ditferencos  in  atomic 
structure,  so  neurology,  by  discovering  tlie  complexities  of  cere- 
bral organization,  seems  to  be  opening  the  way  for  reduction  of 
the  qualitative  diversities  of  mental  states  to  terms  of  the  physi- 
ological activities  of  the  brain. 
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Form  is  the  most  ubiquitous  of  all  seioiitific  problems.  It 
figures  in  one  guise  or  another  in  the  physical  sciences,  the  life 
sciences,  the  social  sciences.  When  Goethe  coined  the  word 
Morphologic  he  was  thinking  particularly  of  the  shapes  of  skulls 
and  flowers.  But  now  the  concepts  of  morphology  are  entering 
into  a  vast  variety  of  fields  ranging  from  atomic  structure  to 
the  celestial  g^alaxies,  from  electro-encephalography  to  patterns 
of  savage  culture  and  designs  for  modern  living.  It  has  been 
well  said,  Form  is  the  fundamental  riddle! 

A  MoKPiiuLotacAL  Approach 

Surely  we  cannot  escape  the  problem  of  form  when  we  con- 
template the  rich  pageantry  of  the  ontogenetic  patterning  of 
human  behavior.  In  its  beginnings  this  behavior  may  seem  aim- 
less, inchoate.  But  if  somewhat  vaguely  we  call  certain  early 
movements  vermicular we  already  acknowledge  that  they 
have  form.  If  we  call  them  "random  movements"  we  commit 
a  scientific  error.  The  infant  does  not  react  at  randoiii.  His 
seemin.gly  raudoiu  movements  are  cliamieli/A'd  and  sliaped  by 
his  neuromotor  e(iui})ment.  When  they  are  studied  by  morpho- 
grapliic  methods,  including  the  method  of  cinemanalysis,  behold 
they  have  characteristic  foi'm !  The  fii-st  task  of  a  genetic  psy- 
chologrv  is  to  identify  the  forms  and  the  formation  of  the  mani- 
fold  reactions  of  fetus,  neoiuite,  and  Infant. 

The  morphogenesis  of  manifest  behavior  begins  with  the 
fetal  stage  when  the  organism  is  a  scant  inch  in  length.  At  8 
weeks,  on  oral  stimulation,  this  Caesarian  organism  bends  uni- 
laterally ;  at  10  weeks  it  bends  bilaterally,  a  kind  of  body  swing ; 
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at  11  weeks  the  finders  clasp;  at  12  weeks  the  hands  ai)pr()xiiiiate 
as  if  to  chip — a  fetal  prefigurement  of  the  inirsery  craiiie  of 
pat-a-cake.  At  14  weeks  the  fetus  can  sneer  and  swallow — and 
can  wink  even  though  the  eyelids  are  still  fused.  At  1(5  weeks  a 
sinii^le  shallow  gasp  (e.r  nfero)  ;  at  22  weeks,  a  grouped  series  of 
gasps;  at  25  weeks,  continuous  pre-respiratory  movements  {in 
utero) ;  at  26  weeks  or  later,  a  viable  baby  able  to  breathe. 

A  prematurely  bom  infant  is  an  anomalous,  air-breathing 
fetus.   Let  us  call  him  a  fetal-infant.    We  have  followed  bis 
development  keenly  because  it  reflects  the  behavior  morphogen- 
esis characteristic  of  gestation.   We  have  made  80  behavior 
examinations  of  37  fetal-infants  with  fetal  or  post-conception 
ages  of  from  28  to  40  weeks.   Systematic  visual,  auditory,  tactile 
and  motor  tests  supplemented  by  naturalistic  observations  re- 
vealed significant  maturity  differences  in  the  forms  of  behavior 
at  advancing  ages.   These  studies  have  shown  that  although  the 
healthy  fetal-infant  makes  a  remarkably  good  adjustment  to  an 
abnormally  untimely  environment,  the  basic  schedule  of  his  be- 
havior patterning  is  not  upset.   He  remains  faithful  to  his 
fetality. 

In  so  doing  he  makes  a  fundamental  contribution  to  the  ex- 
perimental morphology  of  behavior.  Could  any  experiment 
more  drastic  be  conceived  to  test  the  integrity  of  behavior  form 
under  the  stress  of  a  sudden,  extreme  and  prolonged  change  of 
environment?  If  endowed  with  sufficient  vitality  the  unblem- 
ished premature  infant  survives;  but  he  gains  no  ontogenetic 
headstart.  If  he  wei-e  born  8  weeks  prematurely  the  general 
conformation  of  his  behavior  make-u]i  at  28  weeks  would  be  that 
of  a  normal  20-weeks  old  infant.  This  indicates  that  the  pri- 
mary and  preponderant  forces  in  the  morphogenesis  of  early 
behavior  are  intrinsically  determined. 

Our  normative  studies  of  full  term  infants  and  comparative 
studies  of  infant  twins  by  the  method  of  co-twin  control  show 
that  postnatal  behavior  growth  is  obedient  to  the  same  steady, 
continuous  developmental  mechanics  which  governs  prenatal 
growth.  There  are  no  dramatic  moments  when  the  infant 
abruptly  acquires  a  gift  of  tongue,  or  perception,  emotion,  judg- 
ment, reason,  volition,  imagination.  All  of  his  behavior  forms 
are  essentially  products  of  growth.  We  cannot  penetrate  the 
innermost  citadel  of  his  subjective  life ;  but  if  we  closely  observe 
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how  he  comes  into  command  of  his  eyes  and  hands,  we  shall  have 
more  than  an  inkling  of  how  his  psyche  is  built  up  into  mor- 
phological structure. 

Presently  we  shall  show  a  film  which  pictures  early  forms  of 
eye  and  hand  behavior  in  the  fetal-infant,  in  the  full  term  neonate 
and  in  infants  at  advancing  ages  throughout  the  first  year  of 
life.  We  have  used  the  cinema  as  our  major  research  tool  (1) 
to  chart  the  patterning  of  infant  behavior,  (2)  to  identify  and  to 
investigate  the  patterns  by  cinemanalysis,  which  is  essentially  a 
morphological  method.  By  this  method  which  utilizes  a  hand 
operated  projector  on  a  work  table,  it  is  possible  to  freeze  and 
to  activate  recorded  movements  at  the  observer's  discretion 
(Fig.  1).  Cinemanalysis  is  indeed  a  kind  of  dissection  which 
anatomizes  the  patterns  of  behavior.  It  makes  the  recorded  re- 
actions as  tangible  as  tissue.  The  histologist  who  with  his 
microscope  looks  at  a  stained  section  of  the  thyroid  gland  or  at 
an  adeno-carciuoma  transplanted  into  a  frog's  eye  is  no  closer  to 
realitv  tliau  the  analvzer  who  looks  at  the  outlines  of  a  behavior 
pattern  which  come  through  the  lens  of  the  motion  picture  pro- 
jector, and  are  imaged  on  a  tracing  plate.  Both  observers  are 
inspecting,  analyzing,  and,  if  need  be,  measuring  the  character- 
istics of  form  in  terms  of  time  and  space. 

{By  way  of  demonstration  a  film  entitled  Infant  Eyes  and 
Hands  was  shown.  This  film  was  compiled  from  original  rec- 
ords in  the  photographic  research  library  of  the  Yale  Clinic  of 
Child  Development.  The  contents  of  the  film  are  indicated  by 
the  accompanying  illustrations.  See  also  the  Bibliographic 
Note,  page  488.) 

The  Mobphooenesis  of  Eablt  Behavior 

In  order  that  we  may  get  an  impression  of  the  total  niorpho- 
genetic  sweep  the  film  begins  with  an  animated  rendering  of  the 
4-week  old  human  embryo  when  the  prospective  hands  are  a  pair 
of  buds  just  behind  the  gill  arches  (Fig.  2).  Cells  invade  these 
diminutive  stumps  and  cause  them  to  elongate.  Three  segments 
emerge.  The  outer  segment  assumes  the  shape  of  a  paddle. 
Five  lobes  appear  on  the  edge  of  the  paddle  which  transforms 
into  a  five-fingered  hand  presently  equipped  with  muscles,  ten- 
dons, volar  pads  and  neurons.    End  organs  by  the  thousands, 
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[\kv  so  many  seiitiiioLs,  establish  thoiiiselves  in  the  sensitive  skin, 
hulolibly  i)atterned  friction  ridges  sculpture  themselves  in  the 
pahnar  skin.  Behavior  patterns  are  laid  down  by  similar  mor- 
phogenesis. At  11  weeks  the  fingers  flex — the  beginning  of 
grasp.   At  18  weeks  they  grip.   At  20  weeks  the  whole  arm 


Fio.  1.  Analytic  viewer  for  the  cinemanalysis  of  behavior  patterns.  The  viewer 
consists  osspntially  of  a  16  mm.  projector  (D)  mounteil  on  a  portable  stand  (E).  The 
whole  apparatus  weighs  approximately  16  pounds  and  can  be  readily  carried  by  the 
handle  (F).  It  may  be  conveniently  placed  on  a  work  table  or  desk,  the  electric 
current  being  sujuilicil  tlirough  tlie  extension  cord  (B),  with  a  switch  at  (/).  The 
projector  may  be  driven  l)y  its  electric  nidtor,  but  ordinarily  it  is  operated  by  the 
hand  crank  {G).  The  film  (C)  passes  through  the  projector  from  a  supply  reel  (A) 
to  a  takeup  reel  (B),  each  frame  being  registered  by  a  frame  counter  (X).  The 
projector,  efpii])i>ed  witli  a  1  inch  lens,  thrfiws  nn  iniape  on  the  tracing  plate  {K)', 
the  strength  of  the  illumination  is  controlled  by  a  rheostat  (•/). 
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Fig.  2.  The  (level opinont  of  tlie  fet  .1  liaiul.  1,  3,  4.  Knrly  limb  bud  stufjes.  Embryo 
(u)  17  mm.  5.  Palmiir  aspect  of  right  liand  of  a  24  mm.  embryo,  showing  prominent  apical 
and  interdigital  volar  pads  (after  H.  Cummins).  Primarily  these  are  walking  pads.  Sec- 
ondarily tliey  serve  as  prchensory  and  iactxle  pads. 
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extends  laterally  as  the  head  turns  to  the  same  side — a  head-hand 
coordination,  the  rudiment  of  the  tonic-neck-" reflex". 

This  so-called  t-n-r  reflex  is  not  a  stereotyped  entity  but  a 
growing  thing  which  elaborates  with  the  maturity  and  economy 
of  the  organism.  It  becomes  well-defined  in  the  fetal  infant 
(Fig.  3).    It  is  a  normal  characteristic  of  the  full  term  neonate 


Fio.  3.  The  tonic-neck-reflex  pattern  in  a  fetal  infant  (Fetal  age:  32  weeks). 
Note  the  head  aversion,  the  extension  of  the  faceward  arm,  the  flexion  of  the  opposite 
arm,  simulating  a  fencing  attitude. 


(Fig.  4).  It  persists  for  16  weeks  after  birth.  By  20  weeks  the 
infant  prefers  a  symmetric  attitude,  head  in  midline,  hands  ap- 
proximating to  the  midline  (Fig.  5). 

The  addiction  of  the  young  infant  to  t-n-r  postures  is  both 
a  symptom  and  a  condition  of  his  behavior  growth.  It  repre- 
sents a  morphogenetic  stage  in  which  fundamental  neurological 
coordinations  are  laid  down  to  "form"  the  framework  for  later 
postural,  manual,  locomotor,  and  psycho-motor  reactions.  The 
t-n-r  pattern  complex  is  part  of  the  ground-plan  of  the  organism 
just  as  truly  as  the  skeletal  system,  and  it  is  shaped  by  com- 
parable morphogenetic  forces.  The  t-n-r  attitude  is  a  kind  of 
matrix  or  scaffolding  for  the  channelizing  of  oculo-motor  pos- 
tures, which  lead  to  hand  inspection  and  to  a  progressive  co- 
ordination of  the  eye  and  hand  movements  culminating  in  pre- 
hension. 
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Just  as  the  eyes  of  the  fetus  wink  even  before  there  is  oc- 
casion to  wink  (the  lids  being  fused!),  so  the  primary  correla- 
tions of  eye  and  hand  movements  are  relatively  independent  of 
experience.    In  this  correlation  the  eyes  take  the  lead.  The 


Fio.  4.  Tlic  tonic  neck-rcflex  pattern  in  two  full  term  infants,  age  6  weeks. 
One  infant  was  addicted  to  a  right  t-n-r,  the  other  infant  to  a  left  t-n-r,  a  normal 
manifestation  of  asymmetry. 

infant  lays  hold  of  the  world  with  his  eyes  before  he  grasps  it 
with  his  hands. 

Conjugate  deviation,  i.e.,  simultaneous  deflection  of  the  eyes 
in  the  same  direction,  enabling  pursuit  of  a  moving  stinmlus,  is 
present  to  some  degree  in  the  first  few  weeks  after  birth.  Like- 
wise coordinate  compensatory  eye  movements  by  which  constant 
fixation  of  an  unmov^ed  stimulus  object  is  maintained  during 
rotation  of  the  head.  Incipient  fixation  of  an  approaching  ob- 
ject is  observable  in  the  first  day,  sustained  fixation  of  a  near 
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object  in  the  first  week,  and  perfectly  sustained  fixation  for  near 
and  far  objects  at  the  end  of  the  first  month.  At  the  end  of  the 
second  month  the  ocular  conquest  of  space  is  so  well  established 
that  transfixed  reg:ard  gives  way  to  roving  inspection:  the  infant 
explores  the  universe  with  binocular  rather  than  monocular 
oculo-motor  postures  (Fig.  6). 


FlQ.  Bilateral  syinnictry  pattern  in  su])ine  prehension.  lHio  asymmetry  of 
tlie  t-n-r  gives  way  at  about  20  weeks  to  symmetric  attitudes.  (Simultaneous  ]»lioto- 
graplis  taken  with  one  camera  at  the  zenith  and  the  other  camera  at  the  horizon  of 
the  photographic  recording  dome.) 

These  developmental  preparations  take  place  within  a  total 
action  system  and  in  close  relation  to  postures  of  trunk  and 
upper  extremities.  The  t-n-r  attitude  leads  to  inspection  of  the 
extended  hand  and  by  gradual  stages  to  prehensory  approach, 
and  to  manipulation — unilateral,  bilateral,  alternating  unilateral, 
and  finally  unidextrous.  The  early  prehension  of  the  infant  is 
crude  and  precarious.  He  grasps  palmarwise  and  massively. 
Later  he  grasps  digitally  with  increasing  reliance  on  the  radial 
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digits.  At  first  the  thumb  is  ahnost  a  useless  member,  but  by 
nicely  graded  morphogenesis  it  moves  from  a  position  of  pre- 
pivotal  to  pivoted  adduction,  through  mesial  to  mesio-volar  op- 
position to  the  index,  and  finally  by  circumduction  to  full  op- 
position.   Before  the  end  of  the  first  year  the  infant  plucks  a 


Fig.  6.  Ocular  fixation,  Thia  infant,  age  16  weeks,  has  attained  the  fifth  stage 
of  oculo-motor  control  and  is  capable  of  both  sustained  and  roving  exploratory  regard. 

pellet  with  precise  pincer  prehension,  and  with  almost  adult 
skill  (Fig.  7). 

These  transformations  of  prehensory  pattern  are  profoundly 
determined.  They  are  condensed  versions  of  phyletic  sequences 
from  plantigrade  to  upright,  from  pawlike  to  digital,  from  pro- 
nate  to  oblique,  and  from  ulnar  to  radial  orientations.  They 
are  infused  with  "the  mysticall  Mathematicks"  which  makes  the 
individual  a  represontativ^e  of  a  species. 

The  precision  of  this  morphogenetic  mathematics  is  most 
beautifully  demonstrated  by  the  remarkable  correspondences 


Fig  7.    The  developmcMit  of  thumb  opposition.    Patterns  of  *!'"";^  *>'^^;f!_:? 
five  maturity  stages:  if pre-pivotal  adduction  (0-16  weeks);  F-J^J^^^^^^^^^^ 
weeks)  ;  3,  mesial  opposition  (16-28  weeks)  ;  4,  mesio-volar  opposition  (24-36  VNoeks)  ,  5,  volar 
opposition  (32-52  weeks). 
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displayed  in  the  behavior  development  of  highly  identical  twins. 
Twins  T  and  C  have  been  under  our  svstematic  observation  for 
a  period  of  fourteen  years.  Since  early  infancy  there  has  been 
an  amazing-  degree  of  concordance  in  the  emergence  and  the  con- 
figuration of  their  patterns  of  behavior.  These  patterns  have 
been  as  much  alike  as  the  patterns  of  their  fingerprints  and  of 
their  hair  whorls,  even  to  the  extent  of  exhibiting  mirror  imaging 
at  times.  Mirror-symmetry  is  reflected  in  the  patterns  of  pellet 
prehension  pictured  in  fig.  8.    At  38  weeks  the  twins  addressed 


Fig.  8.  Mirror-imjige  symmetry  in  tlie  prohoiisory  patterns  of  one-egg  twins. 
Simultaneous  horizon  and  zenith  views  of  twins  T  and  C  in  the  act  of  making  pre- 
hensory  approach  upon  a  pair  of  pellets.  Striking  ontogenetic  correspondences  were 
observed  in  the  development  of  their  behavior  patterns  from  infancy  to  adolescence. 

a  pellet  with  a  fanlike  spread  of  all  the  digits,  the  thumb  ex- 
tended at  a  right  angle.  At  40  weeks  they  made  a  raking  ap- 
proach; at  42  weeks  they  poked  the  pellet  with  the  tip  of  the 
index.  These  changes  in  prehensory  patterns  took  place  syn- 
chronously and  endogenously.  Comparative  studies  of  the  be- 
havior of  Twins  T  and  C  bv  the  method  of  co-twin  control  have 
shown  that  the  endogenous  mechanisms  are  so  firmly  entrenched 
that  they  can  scarcely  be  transcended  by  training.  All  learning 
and  conditioning  are  limited  bv  a  maturational  substrate  built 
up  through  the  architectonics  of  intrinsic  growth. 

The  simultaneousness  of  behavior  transformations  observ- 
able in  highly  identical  infant  twins  confirms  a  vague  but  preg- 
nant passage  from  Shakespeare:  **A  man  may  prophesy  with  a 
near  aim  of  the  chance  of  things,  as  yet  not  come  to  life,  which 
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in  their  seeds  and  weak  beginnings  lie  intreasured.  Such  things 
become  the  hatch  and  brood  of  time." 

The  cinema  hastens  the  hatching!  Our  fihn  has  compressed 
into  a  few  minutes  the  twenty  lunar  months  wliieh  lie  between 
the  limb  bud  stage  and  the  stage  of  precise  pincer  prehension. 
By  telescoping  time  in  this  manner  we  accentuate  the  spatial 
configuration  and  reconfiguration  which  characterize  the  proc- 
esses of  behavior  growth.  We  see  the  succession  of  behavior 
forms  as  progressive  reorientations  in  space,  as  a  fluent  nior- 
phosis  in  which  every  event  is  a  pattern  which  issues  into  a 
contextual  pattern,  which  engenders  yet  another  pattern — a  dy- 
namic flow.  It  is  as  though  on  a  vastly  complex  scale  we  were 
observing  the  growth  of  a  crystal  organizing  its  facets  and  its 
axes  in  a  transparent  solution. 

Is  the  crystal  only  an  analogy;  or  is  it  an  expression  of  the 
very  same  ordering  forces  which  govern  the  ontogenesis  of  be- 
havior? This  brings  us  back  to  our  original  problem,  the  riddle 
of  form. 

Behavior  and  the  Hierarchical  Continuity 

The  crystal  is  more  than  mere  analogy  if  w-e  accept  the  prin- 
ciple of  hierarchical  continuity,  and  if  we  do  not  exaggerate  the 
increasingly  meaningless  distinction  between  the  terms  life  and 
non-living.  (Dr.  AVilliam  Stanley  yesterday  gave  us  good  rea- 
son to  reduce  the  distinction.)  Is  the  tobacco  virus  alive? 
Where  lies  its  virulent  capacity  of  reproduction,  if  not  in  the 
in  lie  rent  geometry  of  its  huge  molecules!  Each  molecule  is  a 
single  virus.  The  molecules  may  cluster  in  crystalline  .needles. 
The  crystal  order  in  turn  is  a  natural  expression  of  the  proper- 
.  ties  of  matter.  The  biological  order  likewise.  Organizing  re- 
lations are  found  at  every  level — ^**at  the  molecular  level  and  at 
the  colloidal  and  paracrystalline  level  as  well  as  at  the  ana- 
tomical level'*  (Needham). 

Behavior  caps  the  hierarchical  continuity.  Behavior  forms 
stand  at  the  very  summit  of  the  biological  order.  But  are  they, 
therefore,  necessarily  unique?  Are  they  not,  in  fact,  simply  the 
most  sul)tle  and  exalted  manifestations  of  anatomical  oi'ganizii- 
tion?  lentil  tliere  is  jjroof  to  the  contiary  we  should  regard 
them  as  membci-s  of  a  single,  ordei'ed  coiilimuim. 

By  the  principle  of  hierarchical  continuity  there  can  be  but 
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one  physiolo^''  of  development.  The  growth  of  tissues,  of  or- 
arans,  and  of  behavior  is  thus  obedient  to  comparable  if  not 
identical  laws  of  developmental  morphology. 

From  the  pattern  of  a  protein  molecule  to  the  neurological 
en^am  of  a  behavior  pattern  is  indeed  a  far  cry.  Yet  science 
may  some  day  bridge  the  distance.  (Elaborate  Professor  H.  S. 
Taylor's  atom  models;  add  to  the  snap-fastener  side  chains 
a  multiple  array  of  zipper  devices  nnder  photo-electric  control 
in  a  bio-electric  field-system  and  you  have  a  working  model  of 
the  syntax  of  living  behavior  form  I)  ^ 

Genetic  psychology  as  well  as  chemistry  must  reckon  with 
form  concepts.   Stereochemistry  considers  the  structural  con- 
fi^ration  of  the  molecule  in  three-dimensional  space.  Genetics 
is  envisaging  the  infinitesimal  morphology  of  chromosomes  and 
genes.   The  gene  is  pictured  as  an  organic  particle,  which  like 
the  virus  may  be  a  single  large  molecule.   It  has  the  remarkable 
capacity  of  propagating  itself  and  of  reorganizing  the  surround- 
ing^ molecules,  a  process  well  likened  to  a  contagion  of  geometry. 
Wrinch  conceives  the  chromosomes  in  terms  of  warp  and  woof 
— long,  parallel  filaments  of  protein  molecules,  each  filament  sur- 
rounded with  ring-like  molecules  of  nucleic  acid.    Peters  pos- 
tulates for  every  cell  a  cyto-skeleton  of  three  types  of  j^rotein, 
corresponding  to  the  receptor,  conductor,  and  central  elements 
of  a  nervous  system. 

Bio-chemists  speak  as  familiarly  about  the  doisal,  ventral, 
facial,  and  left-handed  and  right-handed  aspects  of  their  mole- 
cules as  we  do  of  the  corresponding  aspects  of  a  baby.  If  there 
is  a  uniting  hierarchical  bond  between  these  remotely  separated 
fields  of  discourse,  it  probably  lies  in  the  varied  morphogenetic 
factors  or  forces**  which  are  now  being  accurately. explored  by 
exact  and  experimental  methods.  Among  these  forces  are  va- 
lences, surface  films,  metabolic  gradients,  bio-electric  fields, 
evocators,  autonomous  induction,  regional  determination,  com- 
petence, time  correlation,  polarity,  symmetry,  and  crystalline 
protein  fibers  oriented  into  patterns  by  hormonic  chemical 
substance. 

Morphogenesis  by  Maturation 

In  last  analysis  we  nmst  look  to  genes  for  the  kiiowable  ori- 
gins of  behavior  form.    The  genes  in  their  myriad  multiplicity 

[1  Cf.  A.lilrcss  liy  11.  S.  Taylor:  "Large  Mokrult's  through  Atomic  Spectacles,*' 
April  24,  To  be  published  in  Peoc,  Vol.  85.  Ed.] 
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are  like  a  leaven  distributed  in  each  and  every  g:rowing  cell  of 

fetus  and  infant.  They  are  the  chemical  agencies  which  partici- 
pate in  those  obscure  but  precise  events  which  create  form,  not 
only  the  self-sculpture  of  bones,  but  also  of  brains  and  of  be- 
havior. They  engender  the  sequences  of  ontogenesis.  They 
mould  its  manifestations.  They  justify  the  concei)t  of  matura- 
tion, as  the  primary  determiner  of  human  behavior,  x)rior  to  ex- 
perience. Experiential  and  environmental  factors  inflect  and 
specify  the  details  of  coufiguration,  but  the  primary,  the  pro- 
visional and  the  prospective  components  of  patterns  are  intrinsic 
in  origin.  IMaturation  is  the  net  sum  of  the  gene  effects,  and  as 
such  is  the  basic  determinant  of  behavior  form. 

There  seems  to  be  little  scope  for  the  old  doctrines  of  undif- 
ferentiated plasticity  and  of  random  movements  as  explanations 
for  the  genesis  of  behavior  forms.  Plasticity  can  exist  only  in 
relation  to  concrete  situations  and  specific  conditions  in  a  formed 
and  forming  organism.  It  is  in  no  sense  a  homogeneous  prop- 
erty mysteriously  diffused  throughout  the  organism.  On  the 
contrary  it  is  always  a  partially  defined  potentiality  appropriate 
to  a  given  stage  of  maturity.   Plasticity  has  shape. 

Behavior  patterns  develop  from  the  beginning  by  an  ex- 
pansion of  a  total  reaction  system  w^hich  is  essentially  a  dynamic 
coin])Iex  of  postural  sets.  The  inor])hogeiietic  steps  by  which 
a  pattern  acquires  full  maturity  are  typically  as  follows  : 

0.  P re-nascent  Stage. — Complete  absence  of  the  function 
which  later  is  embodied  in  a  behavior  pattern. 

1.  Nascent  Stage. — Imperfect,  inadequate,  sporadic  manifes- 
tation of  the  function  in  loose  and  variable  associations  with 
several  postural  sets.. 

2.  Assimilative  Stage. — More  positive  performance  of  func- 
tion which,  however,  is  dependent  upon  particular  postural  sets, 
and  accessory  reinforcing  postural  attitudes. 

3.  Coordinating  Stage, — ^Perfected  performance  limited  to 
particular  postural  sets  but  with  sloughing  off  of  the  accessory 
postural  attitudes,  previously  necessary. 

4.  Stage  of  Synergic  Individuation. — ^Independence  from  re- 
stricted postural  sets;  versatile  performance  smoothly  syner- 
gized  with  numerous  and  vai  icd  postural  sets. 

Growing  behavior  therefore  is  never  random,  because  it  is 
circumscribed  by  the  attained  morphology  of  the  organism  as 
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evidenced  in  its  postural  sets.  The  apparent  raiidoniiiess  is  not 
some  wild,  haphazard  display  of  a  principle  of  uncertainty,  l)ut 
it  is  an  active,  ordered  variability  of  a  growing  margin ".  In 
the  language  of  experimental  embryology,  the  margin  may  be 
conceived  as  a  state  of  dis-equilibrium  in  a  complex  system  of 
reactants,  which  reactants  are  in  last  analysis  genes  or  gene 
products  operating  as  morphogenetic  agencies. 

This  does  not  solve  our  riddle  of  form,  but  it  does  help  to 
clarify  the  unknown.  The  concept  of  maturation  obliges  us  to 
regard  conditioning  and  learning  as  ancillary  rather  than  pri- 
mary mechanisms.  It  invites  us  to  investigate  even  the  most 
recondite  problems  of  mentation  and  of  psychic  constitution 
from  the  standpoint  of  a  dynamic  developmental  morphology. 

•    •  • 

A  Bibliographic  Note 

The  modern  interest  in  the  developmental  aspects  of  circum- 
natal  behavior  may  be  dated  from  the  significant  studies  of 
Wilhelm  Preyer  who  in  1885  published  his  famous  Specielle 
Physiologic  des  Embryo,  This  work  was  recently  translated  by 
George  E.  Coghill  and  Wolfram  K.  Legner  and  appeared  as  a 
monograph  of  the  Society  for  Research  in  Child  Development 
under  the  title,  Embryonic  Motility  and  Sensitivity.  CoghilPs 
own  life  work  has  been  devoted  to  correlated  anatomical  and 
physiological  studies  of  the  growth  of  the  nervous  system  in 
amphibia.  His  monumental  studies  are  summarized  in  three 
London  lectures  under  the  title,  Anatomy  and  the  Problem  of 
Behaviour,  a  slender  volume  which  ])ids  fair  to  become  a  classic. 

Minkowski  in  1920  began  a  series  of  observations  on  the  be- 
havior of  surgically  removed  fetuses.  A  summarizing-  contri- 
l)ution  appeared  under  the  title,  Nenroljiolof/ische  Stud'ieti  am 
tnetiscJdiclien  Foetus.  Davenport  Hooker  has  made  valuable 
extensions  of  these  observations  docunicnted  by  motion  picture 
records.  His  paper  on  "The  Origin  of  the  Grasping  Movement 
in  Man"  is  published  in  the  Proceedings  of  the  American  Philo- 
sophical Society,  An  earlier  paper  appeared  in  the  Yale  Jour- 
nal of  Biology  and  Medicine,  entitled,  **  Early  Fetal  Activity  in 
Mammals."  The  presidential  address  delivered  at  the  48th 
Annual  Meeting  of  the  American  Psychological  Association  at 
State  College,  Pennsylvania,  in  September  1940,  bears  the  title. 
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"The  Experimental  Embryolouy  of  Mind."  This  address  by 
President  Leonard  Carniichael  deals  particularly  with  the  sen- 
sory aspects  of  fetal  behavior  as  experimentally  observed  in  cat 
and  guinea  pig-,  affords  a  survey  of  related  studies,  and  a  bibli- 
ography of  sixty-four  titles  {Psychological  Bulletin,  1941). 

A  scientific  journal  entitled,  Grcnvth,  was  recently  founded 
for  the  coordination  of  studies  of  development  and  increase  as 
general  properties  in  nature.  This  journal  brings  under  one 
cover  biometric,  anatomical,  biochemical,  and  also  behavioral 
studies.  The  journal  is  symptomatic  of  the  increasing  correla- 
tion and  integration  of  the  life  sciences.  Joseph  Needham 
erected  a  bibliographic  landmark  in  1931  with  his  three  volumes 
with  the  innovational  title,  Chemical  Embryology.  They  have 
already  been  measurably  outdated  by  the  extraordinary  produc- 
tiveness of  research  in  the  field  of  experimental  embryology. 

Our  studies  at  the  Yale  Clinic  of  Child  Development  have 
been  concerned  with  the  systematic  delineation  of  the  forms  and 
early  growth  of  human  behavior  pattei'ns,  from  the  period  uf 
fetal  infancy  throughout  the  first  five  years  of  life.  An  Atlas 
of  Infant  Behavior,  in  two  volumes,  illustrated  with  3,200  action 
photographs  deals  especially  with  the  first  year  of  life.  A  hand- 
book entitled  The  Psjichology  of  Early  Growth,  serves  as  a  key 
to  the  Atlas.  A  collaborative  volume  by  the  staff  of  the  Clinic 
surveys  development  of  behavior  in  the  preschool  years,  under 
the  title,  The  First  Five  Years  of  Life:  A  guide  to  the  study  of 
the  preschool  child. 

The  photographic  research  library  of  the  Clinic  consists  of  , 
an  extensive  catalogued  collection  of  motion  picture  records  i 
which  chart  the  developmental  progressions  of  behavior  pat- 
terns, in  infancy  and  early  childhood.  Both  normal  and  abnor- 
mal behavior  has  been  recorded  under  standardized  and  natu- 
ralistic conditions.  The  patterns  are  subjected  to  detailed  ex- 
amination by  the  method  of  cinemanalysis.  The  special  studies 
bearing  on  the  subject  matter  of  the  present  paper  are  listed  in 
the  references. 

In  his  introductory  remarks  Mr.  Boland  S.  Morris,  as  Presi- 
dent of  the  American  Philosophical  Society,  and  as  presiding 

officer  at  the  special  session  devoted  to  psychology,  suggested 
that  practical  api)lications  as  well  as  recent  advances  might  be 
considered.    It  may  be  pointed  out  in  a  general  way  that  all 
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science  which  is  fuiulaniontallv  addressed  to  a  better  nnderstaiid- 
ing  of  the  processes  of  development  and  the  niechanisnis  of  be- 
havior must  have  some  implications  for  practical  utilization. 
Increased  knowledge  will  ultimately  lead  to  a  better  control  of 
human  growth. 

Developmental  norms  of  child  behavior  find  direct  appli- 
cation in  clinical  medicine,  particularly  in  the  fields  of  pedi- 
atrics, neurology  and  psychiatry.  Such  norms  are  necessary  for 
the  timely  detection  of  defects  and  deviations  of  infant  develop- 
ment. Clinical  methods  and  applications  are  presented  in  a 
current  volume  entitled,  Developmental  Diagnosis:  Normal  and 
Abnormal  Child  Development.  From  the  standpoint  of  devel- 
opment morphology  the  phenomena  of  infant  behavior  must  be 
approached  with  the  same  minute  interest  in  structured  form 
which  the  disciplines  of  embryology  and  anatomy  demand.  * 
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ON  THE  NATURE  OF  ASSOCIATIONS 


WOLFGANG  KOHLER 
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{Bead  April  tS,  1941,  in  Symposium  on  Recent  Advances  in  Psychology) 

Among  the  functional  principles  of  present-day  psychology 
the  concept  of  association  is  perhaps  the  most  widely  used.  As 
SL  term,  it  is  true,  conditioning"  seems  almost  more  popular 
among  American  psychologists.  But  then,  as  a  principle  of 
empirical  connection,  conditioning  resembles  association  in  so 
many  points  that  the  assnmi)tion  of  a  basic  factor  common  to 
both  is  fairly  forced  upon  the  theorist. 

But  what  exactly  do  we  mean  when  we  speak  of  associations? 
In  the  early  history  of  association  theory  it  was  cnstomary  to 
enumerate  three  classes  of  associations :  the  association  by  conti- 
guity, i.e.,  by  neighborhood  in  space  and  time,  the  association  by 
similarity,  and  the  association  by  contrast.  It  is  important  to 
realize  that  only  the  first  class  actually  involves  an  association, 
namely,  the  establishment  and  the  persistence  of  a  connection  be- 
tween items  because  these  items  have  occurred  together.  What 
was  called  an  association  by  similarity,  for  instance,  was  not  as- 
sumed to  presuppose  such  a  connection.  Bather,  if  an  experience 
A  had  once  occurred  a  subsequent  similar  experience  A'  was  said 
to  cause  recall  of  the  previous  experience  A  merely  because  the 
two  were  suflSciently  similar;  in  other  words,  without  any  pre- 
established  connection  of  A  and  A'.  Strictly  speaking,  therefore, 
the  so-called  association  by  similarity  was  not  supposed  to  be  an 
association  at  all ;  rather  it  was  a  particular  form  of  recall.  It  is 
most  unfortunate  that  in  this  manner  the  term  association  was 
used  in  two  different  meanings,  for  the  most  part  with  the  con- 
notation of  a  connection  established  by  previous  experience,  but 
often  also  as  a  synonym  for  recall.  The  consequences  of  this 
ambiguous  terminology  have  not  yet  been  fully  overcome  in  our 
theories  of  learning  and  of  memory. 

In  the  following  pages  a  sharp  distinction  between  associa- 
tion aud  recall  will  be  particularly  relevant  because  our  discus- 
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sion  will  deal  with  influences  which  varyin,£r  desrrees  of  similarity 
between  given  items  exert  on  the  strength  of  associations. 
Whenever  we  use  this  term  we  shall  give  it  its  proper  meaning-  in 
which  it  refers  to  emi)irical  connections.  On  the  other  hand, 
problems  of  recall,  including  recall  by  sheer  similarity,  will  not 
be  considered. 

Are  associations  in  this  sense  strictly  speaking  associations 
by  mere  contiguity!   Such  a  term  seems  to  imply  that  neighbor- 
hood in  space  and  time  is  the  essential  factor  which  establishes 
connections  between  processes  or  between  their  nenral  traces. 
About  twelve  years  ago,  however,  Professor  Thomdike  raised 
objections  to  this  simple  interpretation.   An  association,  he  said, 
will  not  be  formed  by  mere  neighborhood  of  the  items  in  ques- 
tion ;  these  items  will  be  associated  only  if  they  are  experienced 
in  a  relation  of  mutual  belonging.   At  first  sight  the  introduction 
of  this  concept  seems  to  imply  a  fundamental  change  in  associa- 
tion theory.    In  fact,  certain  experimental  examples  by  whieli 
Tliorndike  supported  his  view  are  likely  to  suggest  that  the  term 
belonging  refers  to  a  rational  or  sensible  relationship.  This, 
however,  w^ould  be  a  misunderstanding  of  Thorndike's  own  in- 
tentions.   He  expressly  warns  liis  readers  against  this  inter- 
pretation and  states  that  any  "this  goes  with  that"  appears 
cjuite  sufficient  as  a  realization  of  belonging.    Thus  Prut'essor 
Thorndike  assumes  an  attitude  of  extreme  caution,  a  caution 
which,  however,  has  its  disadvantages.    It  will  now  be  dithcult 
to  distinguish  between  instances  of  mere  contiguity  and  others  in 
which  over  and  above  contiguity  **this  goes  with  that.'* 

Another  attempt  to  modify  the  concept  of  contiguity  has  been 
made  by  Gestalt  psychologists.  In  the  development  of  associa- 
tion theory  the  connection  between  the  associated  items  had 
gradually  become  an  entirely  different  bond;  in  physiological 
terms,  an  anatomical  pathway  along  which  excitations  travel 
with  particular  ease  from  the  locus  of  one  item  to  that  of  another. 
It  was  assumed  that  contiguity  of  items  in  space  and  time  makes 
for  better  conduction  along  the  fibres  and  through  the  synapses 
which  lie  between  the  anatomical  loci  of  those  items.  Appar- 
entlv  the  nature  of  the  items  themselves  had  little  influence  on 

» 

their  association.  At  least  the  relation  which  the  characteristics 
of  one  item  bear  to  the  characteristics  of  the  other  seemed  to 
play  no  part  in  the  process. 
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It  occurred  to  some  of  us  that  much  more  than  this  might  be 
involved  in  an  association.  In  primary  experience,  and  particu- 
larly in  perception,  Gestait  psychologists  lay  great  stress  on 
what  they  call  organization.  The  most  elementary  character- 
istic of  organization  consists  in  the  fact  that  the  contents  of 
specific  areas  in  space  and  those  of  specific  stretches  in  time  are 
experienced  as  unitary  entities  which  appear  as  segregated  from 
their  general  environment. 


o 


Pia.  1. 

It  will  suffice  if  I  give  merely  one  example  (Fig.  1).  As  an 
instance  of  organization  this  example  may  not  be  particularly 
impressive;  but  it  refers  directly  to  a  peculiarity  of  organization 
with  which  we  shall  be  concerned  in  a  moment.  In  this  ijattern 
four  circles  are  spontaneously  united  and  singled  out  as  the 
corners  of  a  square.  These  four  circles  are  outline-figures  while 
the  others  are  entirely  black.  Geometrically  two  outline-circles 
and  two  black  ones  would  be  just  as  good  as  comers  of  the 
square.  But  under  ordinary  conditions  such  an  organization 
will  not  occur  in  the  pattern  of  Fig.  1.  In  the  formation  of  a 
perceptual  group  like  items  tend  to  unite,  and  where  a  new  kind 
of  item  begins  there  the  unitary  group  tends  to  end.^   It  is  well 


1  Red  circles  among  many  black  circles  or  any  analogous  Uiatinction  would  serve 
as  well  for  a  demonstration  of  organization  by  similarity. 
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known  that  proximity  in  space  and  time  has  the  same  effect  as 
similarity  or  likeness.  Other  things  being  equal,  items  which 
are  near  one  another  unite  most  readily  in  one  group,  and  this 
group  tends  to  have  its  boundary  where  distances  become 
greater. 

Organization  in  this  sense  is  not  yet  a  generally  accepted  con- 
cept. To  many  it  will  appear  mysterious  until  it  has  been  inter- 
preted in  terms  with  which  they  are  more  familiar.  Actually, 
no  mystery  is  involved  in  this  concept.  To  be  sure,  many  details 
of  organization  need  further  elucidation,  and  the  theory  of  or- 
ganization is  only  now  beginning  to  assume  a  more  definite  shape. 
The  fundamental  idea,  however,  which  we  have  to  use  in  this  con- 
nection is  simple  enough:  it  is  the  concept  of  interciction.  If 
under  the  influence  of  peripheral  stimulation  various  processes 
develop  in  a  given  sector  of  the  nervous  system  such  events  are 
not  likely  to  remain  separate  and  independent.  They  are  likely 
to  interact.  Interaction  among  neural  processes  will  tend  to  be 
specific  and  selective  in  the  same  sense  as  is  interaction,  say,  in 
chemistry.  Not  every  process  will  interact  indifferently  with 
every  other  process.  As  in  all  physical  or  chemical  interaction, 
the  specific  properties  of  the  interacting  processes  in  their  rela- 
tions to  one  another  will  play  a  part  in  the  determination  of  the 
result.  It  appears  that  in  the  case  of  perceptual  organization 
resewhJance  is  a  condition  which  greatly  favors  interaction. 
Moreover,  just  as  all  interaction  in  physics  is  favored  by  short- 
ness of  distance  so  perceptual  organization  follows  the  principle 
of  pro.iiuiifi/.  01)viously,  the  forces  involved  in  an  interaction 
are  stronger  when  acting  over  short  distances.  This  seems  to 
hold  in  the  nervous  system  as  it  does  in  inanimate  nature. 

I  can  now  introduce  my  experimental  problem.  The  theory 
of  learning  and  memory  must  assume  that  the  neural  events 
which  accompany  primary  experience  do  not  entirely  disappear 
when  this  experience  vanishes.  If  no  aftereffects,  no  traces,  of 
these  events  were  left  in  the  nervous  system,  learning  would  be 
unable  to  influence  future  activities ;  in  other  words,  memory  in 
the  widest  sense  would  be  impossible.  Suppose  now  that  items 
appear  as  parts  of  a  unitary  experience  because  interaction 
transforms  their  neural  counterparts  into  dependent  members 
of  one  coherent  process.  Under  such  circumstances  this  unitary 
process  will  be  followed  by  a  neural  trace  which  has  the  same 
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unitary  character.  What  will  happen  if  at  a  later  time  a  part  of 
this  unitary  trace  is  once  more  thrown  into  action?  Because  of 
the  unitary  character  of  the  trace,  this  excitation  will  spread 
more  easily  within  the  trace  than  to  other  regions  of  the  tissue. 
Thus  the  parts  of  the  trace  which  are  not  directly  excited  will  be 
indirectly  excited.  But  this  is  just  the  physiological  event  which 
we  suppose  to  happen  in  recall  '*by  contiguity,'*  i.e.,  when  two 
items  A  and  B  are  associated,  and  when  therefore  re-excitation 
of  A  leads  to  re-appearance  of  B.  Differently  expressed,  the 
fact  that  a  unitary  process  forms  a  unitary  trace  is  equivalent  to 
what  we  call  an  association.  From  the  present  point  of  view  as- 
sociation is  therefore  simply  coherence  within  the  unitary  trace 
of  a  unitary  experience.  Since  such  coherence  is  the  outcome  of 
specific  interaction  or  organization  among  the  primary  proc- 
esses, the  concept  of  association  becomes  a  secondary  concept. 
It  can  be  derived  from  the  concept  of  organization  and  from  that 
of  traces  in  general. 

At  first  sight  this  reasoning  may  appear  a  bit  vague.  Actu- 
ally, however,  it  forces  us  to  draw  certain  conclusions  which  cau 
be  subjected  to  experimental  test.  The  principle  of  such  conclu- 
sions is  extremely  simple:  If  association  is  coherence  within  the 
unitary  trace  of  an  equally  unitary  or  organized  experience,  then 
any  principle  of  organization  in  primary  experience  must  i))so 
facto  be  a  principle  of  association,  too.  More  specifically,  what- 
ever factors  favor  organization  in  primary  experience  must  at 
the  same  time  favor  association,  retention,  and  therefore  recall." 

As  yet  I  have  mentioned  two  such  factors:  both  proximity 
and  similarity  of  items  favor  their  organization  in  a  unitary  ex- 
perience. Do  the  same  factors  actually  favor  association?  As 
to  the  first  principle,  proximity,  the  answer  is  obvious.  Prox- 
imity is  practically  a  synonym  for  contiguity.  In  other'  words, 
if  experiences  are  contiguous  in  the  sense  of  association  theory, 
interaction  between  their  neural  counterparts  will  be  facilitated 
by  the  factor  of  proximity.  Thus  the  law  of  association  by 
contiguity  holds  because  organization  depends  on  proximity. 

At  this  point,  therefore,  the  main  body  of  classical  associa- 
tion theory  seems  simply  to  be  absorbed  by  the  organization 

2  In  the  case  of  recall  this  general  rule  is  subject  to  a  certain  liuiitation.  But  as 
this  limitation  follows  directly  from  the  principle  of  organization  itself,  it  constitutes 
no  argument  against  the  present  theory.  Cf.  the  author's  Gegtalt  Psychology  (1929), 
pp.  311  ff. 
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theory  of  learning.  And  yet  the  transition  from  one  view  to  the 
other  implies  much  more  than  a  mere  change  of  terms.  In  or- 
ganization theory  proximity  is  essential  because  it  favors  inti  r- 
action.  This  concept  of  interaction  among  items  does  not  occur 
in  association  tlieory.  And  from  this  concept  more  follows  tlian 
is  expressed  by  the  statement:  contiguity  is  practically  the  same 
as  ijroximity. 

Nowhere  is  interaction  independent  of  the  characteristics  of 
the  interacting  objects  or  j)rocesses.  If  these  characteristics  and 
their  relation  are  changed  the  interaction,  its  modes,  and  its 
strength  will  be  changed  at  the  same  time.  Thus  organization  in 
primary  experience  depends  not  only  on  proximity  but  also  on 
the  degree  of  resemblance  which  the  materials  in  question  ex- 
hibit. If  therefore  our  basic  assumption  about  the  nature  of 
associations  is  right  the  likelihood  of  effective  association,  too, 
must  depend  upon  the  resemblance  between  the  items  in  ques- 
tion. In  experimental  terms :  If  subjects  are  asked  to  learn  pairs 
of  items  so  that  associations  are  formed,  they  should  succeed 
more  easily  if  the  two  members  of  the  pairs  belong  to  the  same 
category  than  if  these  members  have  widely  different  character- 
istics. 

During  the  past  few  months  this  conclusion  has  been  sub- 
jected to  a  number  of  elementary  tests.  I  wish  to  thank  Miss  J. 
Goldstein  of  the  University  of  Pennsylvania  for  the  skill  and  pa- 
tience with  which  she  carried  out  many  experiments.  Several 
undergraduates  of  Swarthmore  College  and  one  of  Haverford 
were  indefatigable  in  gathering  further  experimental  evidence. 
Dr.  H.  Wallach  of  Swarthmore  assisted  me  in  devising  the  ex- 
perimental procedures. 

A  first  test  had  this  form:  To  a  group  of  six  subjects  {A)  a 
series  was  presented  which  consisted  of  6  honiogcveoufi  pairs  of 
items,  namely,  of  2  pairs  of  nonsense  syllables,  2  pairs  of  two- 
place  numbers,  and  2  pairs  of  nonsense  figures.  A  second  group 
(5),  again  of  six  subjects,  was  given  a  series  of  6  heterogeneous 
pairs,  a  syllable  with  a  number,  a  figure  with  a  syllable,  and  the 
four  remaining  combinations.  Thus  both  series  contained  4 
syllables,  4  figures,  and  4  numbers ;  but  in  the  first  series  these 
items  were  properly  paired,  in  the  second  they  were  paired,  so 
to  speak,  against  their  nature.  Members  of  one  pair  were  al- 
ways simultaneously  presented.   From  one  subject  to  the  next 
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the  sequence  in  the  series  was  rotated  by  one  step  so  that — with 
6  pairs  and  6  subjects — each  pair  occurred  once  in  every  pos- 
sible serial  position.  Both  groups  were  tested  shortly  after  two 
presentations  of  their  respective  series.  We  used  the  procedure 
of  paired  associates,  in  which  the  subject  is  shown  the  first  mem- 
ber of  each  pair  and  tries  to  recall  its  partner. 


TABLE  I 


Group  A 

Group  B 

Totel 

In% 

Horn. 

23  (36) 

25  (36) 

48  (72) 

67 

Het. 

11  (36) 

11  (36) 

22  (72) 

29 

A  fortnight  later  the  two  groups  of  subjects  were  given  the 
same  series ;  but  subjects  who  had  tirst  learned  the  homogenous 
pairs  had  now  to  learn  the  heterogeneous  pairs,  and  vice  versa. 

Table  I  contains  the  results  of  this  experiment  in  terms  of 
correct  recall.  The  numbers  in  brackets  indicate  the  frequencies 
of  the  test  cases.   In  both  groups,  irrespective  of  the  sequence 


TABLE  II 


Fig. 

8y\L 

Nu 

Totel 

A 

B 

A 

B 

A 

B 

Horn. 
Het. 

7 

5 

9 
4 

7 
2 

7 
3 

9 
4 

9 
4 

48 
22 

of  the  tests,  recall  is  more  than  twice  as  frequent  when  the  pairs 

are  homogeneous.  Moreover  (Table  II)  the  same  holds  for  the 
three  materials  taken  separately,  w^hether  or  not  we  fractionate 
for  the  two  groups  of  subjects.^    Even  a  severe  statistician  will 

3  When  results  are  computed  for  the  three  materials  taken  separately  the  case  of 
heterogeneous  pairs  requires  special  consideration.  Which  are  the  heterogeneous  in- 
atanees,  say,  in  the  ease  of  syllables,  those  in  which  syllables  are  followed  by  items  of 
another  class  or  those  in  which  syllables  as  second  members  are  paired  with  first  mem- 
bers of  another  category?  Our  choice  is  not  free  for  the  following  reason:  Correct 
recall  is  clearly  defined  for  syllables  and  for  numbers;  but  it  is  less  well  defined  for 
the  figures,  which  the  subjects  draw  as  well  as  they  can.  Aa  a  criterion  of  correct 
recall  I  use  in  this  case  unambiguous  reference  of  the  drawing  to  the  actually  correct 
figure.  This,  however,  is  a  fairly  liberal  criterion.  Therefore,  in  order  to  make  re- 
call in  the  heterogeneous  ease  comparable  to  that  in  the  homogeneous  case  the  results 
for  pairs  of  figures  have  to  be  compared  with  heterogeneous  cases  in  which  the  second 
member  is  a  fipure.  Fnder  these  conditions  the  same  criterion  must  also  he  applied  to 
syllables  and  numbers,  so  that,  for  instance,  a  heterogeneous  case  under  the  category 


496 


WOLFGANG  KOHLER 


admit  that  we  can  regard  these  results  as  reliable  without  much 
further  computation.  Our  impression  will  be  confirmed  if  we 
consider  the  results  of  the  individual  subjects  who,  we  remember, 

were  all  tested  in  both  constellations.  Now  we  are  fractionat- 
ing for  extremely  small  figures :  in  a  given  series  a  subject  can- 
not recall  more  than  maximally  6  items.  And  yet  among  12  com- 
parisons of  the  two  results  of  12  subjects  there  is  only  one  wliich 
does  not  show  a  difference  in  favor  of  the  homogeneous  pairs 
(Table  III)/ 

TABLE  III 


Croup  ,4 

fJroup  B 

Horn. 

Het. 

Horn. 

Het. 

3 

4 

5 

1 

6 

4 

1 

0 

6 

2 

2 

0 

2 

0 

6 

3 

3 

1 

6 

5 

3 

0 

5 

2 

23 

11 

25 

11 

In  a  second  experiment  we  went  one  step  farther.  Individual 
items  may  offer  varying  difficulties  to  learning  and  recall.  In 
the  next  experiment,  therefore,  the  second  items  of  the  pairs  were 
the  same  in  both  experimental  constellations.  Otherwise  the 
construction  of  the  series  remained  unchanged.  Thirteen  sub- 
jects were  tested  with  the  homogeneous  and  also  13  subjects  with 
the  heterogeneous  pairs.  The  result  is  shown  in  Table  IV.  In- 
dependently of  the  material  used,  the  homogeneous  pairs  give 
clearly  better  recall  than  the  heterogeneous  pairs,  in  spite  of  the 

syllables  may  be  citlicr  a  pair:  nutnber-syllablc,  or  a  pair:  figure-syllable.  Of  course, 
results  may  also  be  compared  when  tlie  other  possible  classification  of  heterogeneous 
pairs  is  used.  It  is  then  found  that,  practically,  the  choice  matters  less  than  one 
might  expect. 

*  Incidentally,  tliis  fnn'  subjict  rcporti-d  sjiontaneously  that  he  tended  to  make 
heterogeneous  pairs  more  homogeneous,  for  instance,  by  discovering  a  resemblance 
with  a  number  in  a  figure  which  was  the  partner  of  an  actual  number. 

It  may  be  just  as  important  for  the  interpretation  of  these  experiments  as  it  is 
surprising  tliat.  generally  speaking,  our  subjects  did  not  realize  what  i)rinf'i])le  was 
followed  in  the  construction  of  the  series.  Apparently  the  effort  to  learn  all  but  pre- 
vented such  considerations.  One  subject,  a  professor  of  ])sy(>hology,  remarked  after 
his  second  test  that  this  time  learning  had  been  clearly  more  difficult,  but  that  he  did 
not  know  the  reason.  As  a  matter  of  fact,  in  his  second  test  he  had  been  given  the 
series  of  heterogeneous  pairs. 
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fact  that  the  items  to  be  recalled  are  exactly  the  same.  As  the 
objection  might  be  raised  that  the  two  constellations  were 
learned  by  different  subjects  of  possibly  different  average  mem- 
ory, 6  subjects  of  each  group  were  weeks  later  asked  to  learn 
series  of  the  type  which  had  originally  been  learned  by  subjects 
of  the  other  group.    The  second  items  of  the  pairs  were  agaiu 


TABLE  IV 


Fig. 

Byn. 

Nu 

Total 

In% 

Horn. 

19 

19 

17 

55  (78) 

71 

Het. 

12 

8 

7 

27  (78) 

35 

identical  in  the  two  series.  The  next  table  (V)  shows  how  these 
12  subjects  fared  in  their  two  tests.  Group  A  consists  of  the  6 
subjects  who  were  first  tested  with  the  series  of  homogeneous 
pairs  and  afterwards  with  the  heterogeneous  pairs ;  in  Group  B 
we  have  the  6  subjects  for  whom  this  sequence  was  reversed.  It 
will  be  seen  that  results  are  invariably  superior  when  homo- 


TABLE  V 


Group 

Fig. 

SyU. 

Nu 

ToUl 

In  % 

Horn. 

9 

10 

8 

27  (36) 

A 

Het. 

2 

5 

6 

13  (36) 

Horn. 

7 

8 

11 

26  (36) 

B 

Het. 

5 

5 

4 

14  (36) 

Horn. 

16 

18 

19 

53  (72) 

74 

A  +  B 

Het. 

7 

10 

10 

27  (72) 

38 

geneous  pairs  are  learned  and  tested,  irrespective  of  subjects,  of 
material,  and  of  the  sequence  of  the  tests.  On  the  average,  as- 
sociation is  twice  as  effective  in  homogeneous  pairs  of  the  pres- 
ent kind  as  it  is  in  heterogeneous  pairs.'  The  reliability  of  this 
result  may  be  judged  from  an  examiiuition  of  smallest  samples: 
The  next  table  (VI)  gives  the  scores  of  our  12  individual  subjects 
ill  their  two  tests.    No  subject  shows  better  recall  in  the  hetero- 

5  In  Table  T  and  Tnl)lo  IT  which  refer  to  analogous  series  results  are  in  practically 
the  same  ratio  as  in  Table  V. 
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geneous  series;  with  two  sul^jects  results  are  the  same  in  both 

constellations;  the  remaining  10  individuals  recall  more  in  the 
series  of  homogeneous  pairs  than  in  the  heterogeneous  constella- 
tion. 

Up  to  this  point  homogeneous  and  heterogeneous  pairs  have 
been  tested  in  separate  series.  But  our  problem  refers  to  indi- 
vidua!  pairs  and  to  the  degree  of  resemblance  between  their 
members.    Consequently  we  ought  to  be  able  to  demonstrate  the 


TABLE  VI 


H..ni. 


5 
4 
5 
4 
4 


27 


Group  A 


Het. 


1 
1 
2 
4 
2 
3 


13 


Horn. 


4 

3 
4 
5 
4 

6 


26 


Group  B 


Het. 


1 
2 
4 

2 
3 
2 


14 


same  effect  of  simihirity  upon  association  when  heterogeneous 
and  homogeneous  pairs  are  combined  witliin  one  series.  I  need 
not  describe  in  detail  how  the  series  was  constructed  in  which 
this  postulate  was  examined.  Only  figures  and  syllables  were 
now  used  as  crucial  materials.  Any  item  which  some  subjects 
had  to  recall  in  a  homogeneous  pair  was  given  to  the  same  num- 


TABLE  VII 


Fig. 

Syll. 

Total 

In  % 

Honi. 

41 

38 

79  (120) 

66 

Hot. 

16 

21 

37  (120) 

31 

ber  of  subjects  as  the  second  item  of  a  heterogeneous  pair. 
Otherwise  the  principle  of  experimentation  remained  the  same. 
No  less  than  60  subjects  went  through  this  test.  Table  VII  con- 
tains the  results.  They  prove  that  in  a  series  which  contains 
both  homogeneous  and  heterogeneous  pairs  our  rule  remains 
valid:  For  homogeneous  pairs  scores  are  consistently  higher 
than  they  are  for  heterogeneous  pairs. 
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I  have  been  asked  whether,  even  if  the  facts  be  granted,  de- 
fenders of  the  traditional  association  concept  need  accept  my 
interpretation  of  these  facts.  Perhaps  they  could  argue  that 
syllables  go  with  other  syllables  in  speech,  writing,  and  reading, 
and  that,  similarly,  numbers  go  with  numbers  in  daily  experi- 
ence. Thus  associations  by  contiguity  are  established  long  be- 
fore a  person  becomes  a  subject  in  such  experiments.  These 
connections  may  favor  the  particular  associations  in  homogene- 
ous pairs,  which  are  being  formed  in  the  present  experiments. 

I  am  not  convinced  by  this  argument.  In  the  first  place  it 
will  be  difficult  to  apply  the  same  reasonino^  to  the  case  of  our 
nonsense  figures,  lii  the  second  place  previous  associations  of 
this  kind  will  constitute  vague  reproduction  tendencies  in  many 
different  directions,  and  in  a  given  case  such  a  cluster  of  repro- 
duction tendencies  will  not  simply  favor  one  specific  association 
between  items  of  the  same  class.  Rather  previous  associations 
will  exert  inhibiting  just  as  well  as  facilitating  influences.  In 
fact,  if  we  had  found  precisely  the  opposite  results  of  those  which 
we  have  actually  found,  an  explanation  in  terms  of  inhibitions  by 
pre-established  associations  would  have  been  equally  plausible. 
And  I  am  almost  convinced  that  such  an  interpretation  would 
actually  have  been  proposed. 

It  seems  preferable,  however,  to  avoid  such  abstract  discus- 
sions and  to  devise  experimental  tests  which  are  less  subject  to 
similar  arguments.  Two  such  experiments  will  now  be  de- 
scribed. They  are  not  yet  completed  but  seem  to  corroborate 
our  point  of  view. 

In  a  first  set-up  identical  heterogeneous  pairs  are  given  in 
two  different  forms  of  presentation.  In  both  constellations  a 
syllable  is  paired  with  a  figure,  a  figure  with  a  number,  and  so 
forth,  so  that  in  6  pairs  all  possible  combinations  are  exhausted. 
In  one  series  all  these  items  are  of  medium  size,  and  all  have  the 
same  red  color  on  white  ground ;  in  the  second  series  precisely 
the  same  items  are  shown,  but  now  the  first  members  are  black 
and  three  times  as  large,  the  second  members  red  and  smaller 
just  as  in  the  first  series.  We  remember  that  such  factors  influ- 
ence perceptual  organization.  Do  they  influence  association  in 
the  same  fashion! 

In  the  test  the  subjects  are  not  asked  to  recall  the  color  and 
the  size  of  the  second  item;  the  test  refers  solely  to  the  shape  of 
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the  figures,  to  the  numbers  and  the  sylhibles  as  such.  Our  prob- 
lem is  whether  nevertheless  the  greater  ease  of  perceptual  or- 
ganization in  the  first  series  causes  better  association  and  on  this 
basis  better  recall.  Table  VIII  shows  the  results.  In  this  tal)le 
the  terms  ''Homogeneous'*  and  ''Heterogeneous"  refer  to  equal- 
ity and  to  difference  as  to  color  and  size. 


TABLE  VIII 


Fig. 

Syll. 

Nu 

Total 

In  % 

Horn. 

10  (24) 

8  (24) 

11  (24) 

29  (72) 

40 

Het. 

5  (24) 

3  (24) 

8  (24) 

16  (72) 

22 

Similar  results  were  obtained  when  in  a  further  homogeneous 
series — of  again  the  same  items — ^all  items  were  black  and  had 
the  larger  size,  while  in  a  corresponding  heterogeneous  series 
the  first  members  of  all  pairs  were  red  and  small,  the  second 
members  black  and  large.  If  the  totals  of  these  two  series  are 
combined  with  those  of  Table  VIII  it  is  found  that  in  homogene- 
ous pairs  (24  subjects)  recall  was  correct  in 

64  out  of  144  cases, 

and  that  in  heterogeneous  pairs  (again  24  subjects)  the  result 
was 

40  out  of  144  cases. 

I  do  not  contend  that  these  data  are  conclusive.  None  the  less 
there  does  not  seem  to  be  much  doubt  as  to  the  final  outcome 
when  later  the  same  experiment  will  be  repeated  with  an  im- 
proved technique. 

In  a  last  experiment  an  entirely  different  procedure  was 
used.  Primary  organization  depends  not  merely  upon  prox- 
imity and  resemblance  but  also  upon  other  important  factors. 
Among  these  ** fitting**  is  of  particular  interest.  I  will  explain 
what  is  meant  by  this  term.  Organization  is  a  form  of  inter- 
action, in  our  present  connection  an  interaction  of  processes  in 
the  nervous  system.  When  such  an  interaction  is  completed  a 
situation  of  e(|uilibrium  will  be  attaiiied.  Now,  in  physics  we 
have  a  simple  rule  about  the  nature  of  equilibria,  a  rule  which 
was  iiKk'pcMidiMitly  established  by  tliroe  physicists:  E.  Mach, 
P.  Curie,  and  W.  Voigt.    They  observed  that  in  a  state  of 
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equilibrium  processes — or  materials — tend  to  assume  the  most 
ev^en  and  regular  distributions  of  which  they  are  capable  under 
g:iveii  conditions.  ^loreover,  Mach  showed  that  this  must  be  the 
case,  because  in  a  regular  distribution  the  vectors  of  a  physical 


Fio.  2b. 


situation  will  balance  one  another  more  fully  than  they  do  in  less 
regular  distributions.  But  equilibria  depend  upon  the  given 
conditions  under  which  they  develop.  According  to  these  condi- 
tions a  high  degree  of  regularity  may  be  attained  in  one  case  of 
equilibrium,  a  lower  degree  in  a  second  case.  And  an  equi- 
librium will  be  the  more  complete  or  stable  the  higher  the  de- 
gree of  regularity  by  which  it  is  characterized.   If  we  apply  this 
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to  interaction  in  the  nervous  system  it  follows  that  regnlar  or- 
ganizations are  the  most  stable  products  of  such  interaction. 
Suppose  now  that  as  external  conditions  we  give  in  one  case  a 
pair  of  figures  which  form  a  regular  total  pattern,  while  in  an- 
other case  we  combine  two  figures  which  represent  a  more  arbi- 
trary, a  less  fitting  combination.  Under  these  circumstances 
the  first  organization  should  be  preferred  in  the  sense  that,  once 
established,  it  is  more  stable.  Facts  of  primary  organization  do 
exhibit  this  trend.  From  the  viewpoint  of  this  paper  the  same 
should  hold  for  associations:  Figures  wiiich  fit  one  another  in 
that  they  give  a  regular  pair  should  yield  better  associations 
than  do  others  which  constitute  less  fitting  pairs. 

Preliminary  experiments  seem  to  show  that  this  expectation 
is  justified.  Only  figures  were  now  used  as  items  of  our  pairs. 
In  one  constellation  these  figures  were  combined  into  fitting^ 
pairS)  in'  the  other  constellation  precisely  the  same  items  ap- 
peared in  more  accidental  and  irregular  combinations  (c/.  the 
examples  in  Fig.  2a  and  b).  We  found  that  second  members  of 
fitting  pairs  were  more  than  twice  as  often  recalled  as  were  the 
same  figures  in  irregular  combinations.  The  difference  was  sta- 
tistically reliable.  A  detailed  report  will  be  given  as  soon  as 
more  systematic  tests  have  been  completed. 

To  summarize:  It  seems  no  longer  probable  that  association 
is  an  indifferent  bond  between  merely  contiguous  items.  Our 
evidence  tends  to  support  the  view  that  associations  are  after- 
elfects  of  specific  organization  or  interaction. 

If  future  exj)eriments  should  make  this  evidence  conclusive 
our  neurological  conceptions  would  be  confronted  with  a  serious 
problem.  Can  we  give  adequate  account  of  interaction  in  the 
nervous  system  if  we  think  merely  in  terms  of  action  potentials 
which  travel  along  individual  nerve  fibres?  We  may  gradually 
be  forced  to  admit  that,  at  least  in  ganglionic  tissue,  a  more  con- 
tinuous type  of  function,  a  field  function,  is  added  to  conduction 
along  single  fibres. 
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Most  of  us  use  freely  such  terms  as  musical  ability,  mathe- 
matical ability,  a  good  memory,  a  superior  faculty  of  imagina- 
tion, inventiveness,  inability  to  control  one 's  temper,  inability  to 
concentrate,  poor  judgment,  lack  of  reasoning  power,  inferior 
intelligence,  and  lack  of  mental  balance.   We  have  more  or  less 
definite  notions  of  what  we  mean  by  these  terms  and  could  point 
out  persons  who  exemplified  them.  We  could  grade  a  hundred 
persons  whom  we  knew  intimately  on  a  scale  from  low  to  high, 
or  little  or  much,  or  weak  to  strong,  for  any  of  these  abilities, 
though  with  some  doubt  and  questioning.    Popular  notions  of 
these  mental  abilities  are,  however,  extremely  vague  and  vari- 
able in  comparison  with  popular  notions  of  length,  area,  voliiine, 
weight,  density,  temperature,  and  many  other  physical  facts. 

Psychology  has  advanced  beyond  popular  knowledge  by  con- 
structing means  of  measuring  these  abilities,  oi-,  moi-e  accurately, 
means  of  measuring  various  l)ehaviors  which  are  symptomatic 
of  these  abilities.  These  mental  meters,  commonly  called  tests, 
began  with  such  simi)le  matters  as  the  speed  and  accuracy  of 
finding  and  canceling  the  A's  on  a  page  of  mixed  capital  letters, 
or  the  number  of  digits  that  a  person  can  remember  correctly 
from  a  single  hearing.  The  former  was  called  a  test  of  atten- 
tion, and  the  latter  a  test  of  memory  span. 

At  first  psychology  accepted  the  popular  view  that  attention, 
memory,  imagination,  reasoning  and  the  like  were  fundamental 
and  unitary  faculties  or  powers  of  the  mind.  If  you  had  a 
notably  superior  memory  it  would  be  equally  superior  for  words, 
numbers,  faces,  localities,  etc.  If  your  faculty  of  attention  was 
weak,  you  would  be  unable  to  concentrate  well  on  lessons,  stories, 
games  and  all  else.  Consequently,  it  was  expected  that  a  dozen 
or  score  of  rather  simple  tests  would  reveal  the  fundamental 
abilities  of  a  person  and  measure  them,  at  least,  roughly. 

Two  lines  of  experimentation,  begun  about  forty  years  ago, 
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caused  the  al)aiRloiiinont  of  this  expectation.  The  first  studied 
the  training-  of  abilities  and  found  such  facts  as  the  foUowiiisj- :  If 
a  person  practices  findins:  and  checkinj^  A's  he  gains  notalily  in 
speed  and  accuracy,  but  his  ability  to  find  and  check  B's  shows 
much  less  improvement,  and  his  ability  to  find  and  check  words 
containing  two  given  letters,  such  as  e  and  s,  or  n  and  o,  or 
i  and  p,  shows  little  or  none.  If  a  person  is  trained  at  memoriz- 
ing series  of  digits  or  series  of  nonsense  syllables,  he  may  im- 
prove notably  in  the  amount  that  he  remembers  from,  say,  ten 
minutes  of  study,  but  when  he  transfers  his  eflPorts  to  memoriz- 
ing shapes,  or  poems,  or  passages  of  music,  he  shows  very  little 
improvement  over  the  ability  he  had  before  the  training.  What 
has  been  improved  l)y  the  training  is  not  a  general  power  of  at- 
tention, or  a  general  faculty  of  memory  that  operates  regardless 
of  what  is  to  be  memorized. 

The  second  line  of  experimentation  studied  the  correlations 
or  covariances  of  different  manifestations  of  an  ability  and 
found  such  facts  as  the  following:  If  a  thousand  twelve-year-old 
boys  are  tested  in  respect  of  the  ability  to  add  integers,  the 
ability  to  add  fractions,  the  ability  to  divide  integers  by  integers, 
and  the  ability  to  divide  fractions  by  fractions,  the  correlations 
or  covariances  of  these  sub-abilities  are  far  from  perfect.  The 
boy  who  is  ablest  in  adding  integers  wdll  not  be  the  ablest  in  the 
other  tliree  siil)-al)ilities.  A  bov's  rank  among  the  thousand 
will  not  be  the  same  in  all  four,  but  w^ill  vary  rather  widely. 
Mathematical  ability  is  not  one  thing,  but  a  complex  of  many. 

If  the  thousand  boys  take  a  number  of  tests  chosen  to  measure 
intelligence,  their  scores  on  the  tests  tliat  concern  words  will 
not  correlate  ])erfectly  w'ith  their  scores  in  the  tests  that  con- 
cern i)ictures,  or  space  relations,  or  numbers.  Intelligence  is 
not  a  unitary  ability  that  operates  regardless  of  the  data  on 
which  it  operates. 

]\lental  abilities  are  not  an  orderly  retinue  of  a  few  easily 
defined  and  unitary  faculties  or  powers,  somewhat  like  the  chemi- 
cal elements,  for  each  of  which  a  mental  meter  or  test  can  be 
found  by  sufficient  labor  and  ingenuity.  A  mental  ability  is  a 
probability  that  certain  situations  will  evoke  certain  responses, 
that  certain  tasks  can  be  achieved,  that  certain  mental  products 
can  be  produced  by  the  possessor  of  the  ability.  It  is  defined  by 
the  situations,  responses,  products,  and  tasks,  not  by  some  inner 
essence. 
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Except  for  certain  powers  which  depend  upon  definite  fea- 
tures of  the  eyes,  ears,  or  other  sense  organs,  intelligence  is  one 
of  the  most  definite  and  unitary  abilities  that  have  been  studied: 
and  certain  plausible  hypotheses  have  been  set  up  concerning  a 
simple  biological  causation  of  it.  But  even  it  is  regarded  by 
prudent  psychologists  as  a  probability  that  certain  mental 
achievements  will  be  achieved,  and  is  defined  by  these  achieve- 
ments. 

Hence  we  find  the  most  expert  measurers  of  intelligence 
stating  that  an  intelligence-test  score  measures  only  the  ability 
in  that  test  and  whatever  correlates,  perfectly  with  that  score. 

Hence  we  find  that  an  intelligence  meter  that  is  perhaps  the  most 
dependable  yet  devised  is  not  called  a  test  of  intelligence,  but 
only  a  test  of  intellioence  CAVD,  that  is  of  sentence-completion, 
arithmetical  problems,  voca])nlary,  and  the  comprehension  of 
directions  or  paragraphs.  Tliose  facts  seem  like  confessions  of 
weakness  in  the  science  of  psychology,  but  are  really  signs  of 
health  and  strength. 

Three  or  four  hours  testing  of  a  person  with  suitable  intelli- 
gence tests  or  meters  gives  a  score  which  is  highly  indicative  of 
how  well  he  will  do  in  school,  how  likely  he  is  to  escape  confine- 
ment in  an  institution  for  the  feeble-minded,  and  how  well  he  will 
understand  the  sermons  he  hears,  the  policies  for  which  he  votes, 
and  the  like.  It  is  usefully  indicative  of  his  fitness  to  make  wise 
decisions  as  a  parent,  neighbor,  and  citizen.  Such  a  score  ob- 
tained at  age  eight  to  eighteen  is  probably  equal  in  value  to  a 
careful  physical  examination  at  that  age  by  an  expert  physician. 
It  is  a  valuable  supplement  to  the  ratings  by  ])arents,  teachers 
and  others  who  have  long  and  intimate  acquaintance  with  the 
person. 

It  should,  however,  be  noted  that  the  ability  measured  by 
such  tests  is  perhaps  better  named  abstract  intelligence,  or  intel- 
ligence operating  with  symbols.  Intelligence  operating  with 
actual  individual  things — machines,  storms,  traffic  jams,  stoves, 
cakes,  pies,  etc.,  etc. — ^may  differ  considerably  from  the  intelli- 
gence that  determines  scores  in  Stanford-Binet  or  CAVD  tests. 
So  also  may  intelligence  operating  with  actual  people, — as  in  the 
managing,  persuading  and  comforting  of  a  politician,  foreman, 
salesman,  or  nurse. 
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Our  best  present  definitions  and  measurements  of  mental 
abilities  are  inventories  of  a  person's  actual  or  possible  re- 
sponses to  certain  tasks.  The  single  score  he  obtains  is  some 
sort  of  an  expression  of  the  quantity  and  quality  of  his  re- 
sponses. It  is  customary  to  select  or  arrange  the  tasks  so  that 
each  response  will  be  completely  right  or  completely  wrong. 
The  inventory  can  then  be  fully  expressed  by  listing  the  tasks 
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according  to  their  difficulty  and  stating  the  percentage  of  suc- 
cesses at  each  level  of  difficulty.  This  concept  of  difficulty  is  of 
so  great  importance  that  I  shall  ask  you  to  note  a  few  illustra- 
tions of  it.  To  give  the  opposite  of  unless  is  the  same  sort  of 
task  as  to  give  the  opposite  of  up,  but  is  more  difficult  intellec- 
tually in  the  sense  that  fewer  persons  can  do  it  and  that  those 
who  can  will  average  higher  in  intelligence  by  any  reasonable 
measure  of  it.  Similarly  for  supplying  words  to  complete  these 
sentences :  A  dog  has  four  .  .  . ;  The  relation  between  a  number 
and  its  reciprocal  is  ...  .  Similarly  for  answering  these  ques- 
tions: What  number  is  the  sum  of  six  and  fourteen!  What 
number  is  as  nmcli  greater  than  half  of  six  dozen  as  it  is  less 
than  three-fifths  of  twenty  dozen.  In  the  case  of  nmsical  ability 
it  is  more  difficult  to  play  a  Beethoven  symphony  than  to  play 
chopsticks  or  Yankee  Doodle,  in  the  sense  that  fewer  persons  can 
do  it  and  that  those  who  can  will  average  higher  in  musical 
ability  by  any  reasonable  measure  of  it. 

Measurements  of  a  person  having  much  and  a  person  having 
little  of  a -mental  ability  which  is  an  ability  to  do  tasks  alike  in 
nature  but  differing  in  difficulty^  are  presented  in  Fig.  1  and 
Fig.  2. 

The  height  of  an  ability,  that  is,  the  difficulty  of  the  tasks  the 
person  can  master,  is  more  important  than  its  width,  because 
greater  width  can  be  obtained  from  more  work  by  the  person  or 
from  using  more  persons,  but  nothing  can  substitute  for  de- 
ficiency in  height. 

The  scientific  studv  of  mental  abilities  earlv  discovered  that 
correlation,  not  compensation,  was  the  rule.  Nature  does  not 
balance  superior  reasoning  power  by  inferior  imagination,  or 
superiority  in  learning  by  inferiority  in  remembering,  or  genius 
in  music  by  idiocy  in  business.  And  this  fact  of  the  positive 
affiliations  of  estimable  abilities  has  been  confirmed  again  and 
again  by  later  researches.  This  fact  has  very  important  conse- 
quences for  man's  life  and  work,  mostly  beneficent.  But  as  far 
as  concerns  the  exact  description  and  measurement  of  abilities 
it  i&  a  nuisance.  Psychology  wishes  to  know  each  ability  pure 
and  undefiled,  and  to  measure  all  of  it  and  nothing  but  it.  For 
example,  it  wishes  three  tests  or  meters  of  ability  to  appreciate 
color,  rhythm  and  musical  harmony.  But  it  finds  that  in  spite 
of  its  utmost  ingenuity  and  effort,  each  test  measures  all  three 
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to  some  extent  and  also  varions  jiotencies  of  the  sense-or§^ans, 
and  also  the  person's  i»enei-al  inteMi,i;'enee,  so-called.  Each  score 
is  contaminated,  so  to  si)eak,  by  including  moi-e  or  less  influence 
from  other  abilities.  Each  ability,  as  we  actually  measure  it,  is 
a  mixture  of  abilities.    We  do  not  attain  purity. 

For  various  reasons  psychologists  would  like  to  be  able  to 
replace  a  set  of  such  impure  abilities  with  positive  intercorrela- 
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Fig.  3. 


Fios.  1,  2,  AKD  3.    The  entire  area  of  the  rectangle  represents,  in  each  ease,  a 

sampling  of  n  tasks  at  each  of  64  levels  of  diflfieulty  for  the  ability  in  question,  from 
a  very  easy  task  at  the  bottom  to  very  hard  tanks  at  the  top  of  the  rectangle.  The 
shaded  area  represents  the  tasks  accomplished  successfully.  The  white  area  represents 
the  tasks  on  which  the  person  failed.  Fig.  1  represents  a  person  with  a  high  ability. 
Fig.  2  represents  a  person  with  a  low  ability.  Fig.  ^  rejirosoiits  a  person  who  had 
about  the  same  number  of  succes.ses  as  the  person  of  Fig.  2  liad,  but  who  succeeded 
with  much  harder  tasks,  failing  on  many  easy  tasks.  Cases  like  Fig.  3  occur  rarely 
or  never  if  the  test  is  really  of  progressive  levels  of  the  same  ability. 
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tioiis  by  a  set  of  abilities  that  are  pure  and  unitary  or  inde- 
pendent in  tlie  sense  of  liaving  zero  correlations  one  with  an- 
other. And  some  psycliologists  cherish  the  hope  that  such  pure 
abilities  would  prove  to  be  more  fundamental  and  more  revealing- 
of  the  mind's  structure  and  of  its  physiological  bases  than  the 
abilities  found  by  direct  observation  and  tests. 

The  methods  of  factorial  analysis  developed  by  Kelley,  Ho- 
tellingy  Thurstone  and  others  succeed  in  discovering  components 
or  factors  which  would  correlate  zero  one  with  another  if  we 
could  get  measurements  of  them  in  real  people,  and  which  are 
defined  to  a  certain  extent  by  their  relations  to  measurable  abili- 
ties. Work  along  this  line  has  been  carried  on  vigorously  during 
the  past  five  years,  especially  by  Thurstone  and  his  pupils. 
Few  psychologists  have  mastered  and  used  the  methods  of  fac- 
tor analysis,  and  those  who  have  vary  widely  in  their  opinions 
of  the  results.  Some  expect  that  the  factors  discovered  will  in- 
augurate great  advances  in  knowledge  about,  and  control  of, 
human  abilities;  some  think  that  these  factors  are  unrealizable 
abstractions,  like  an  animal  defined  as  40  per  cent  man,  30  per 
cent  turtle,  20  per  cent  shark  and  10  per  cent  earthworm.  The 
tests  of  the  work  will  come  when  it  progresses  to  the  measure- 
ment of  these  components  or  factors,  to  using  them  for  explana- 
tion and  pi  odiction,  and  to  relating  them  to  biological  facts  about 
the  brain.  This  third  test,  however,  is  yet  to  be  met  not  only  by 
factor  analysis  but  by  the  great  bulk  of  psychological  work  on 
abilities  as  well. 

It  is  fitting  to  note  at  this  point  that  the  important  work  of 
Spearman  and  his  pupils,  begun  in  1904,  was  a  stimulus  to  the 
recent  work  of  factor  analysis,  though  Spearman's  main  in- 
terest was  in  ar*;uing-  that  a  group  of  abilities  could,  in  the  case 
of  cei'tain  important  groups,  be  represented  by  one  factor  com- 
mon to  all  and  many  specific  factors  none  of  which  w^as  present 
in  more  than  one  of  the  abilities  of  the  group. 

Mental  abilities  are  functions  of  the  neurones  or  nerve  cells 
that  constitute  the  brain,  sense  organs  and  other  parts  of  the 
nervous  system,  ixud  psychology  will  not  l)e  satisfied  until  it 
succeeds  in  relating  mental  abilities  to  their  neural  cases,  bases, 
parallels,  or  counterparts.  Not  much  is  known  at  present,  and 
almost  all  of  that  concerns  sensory  abilities.  The  ability  to  see 
starts  with  specialized  cells  in  the  retina,  the  rods  and  cones. 
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The  cones  give  sensations  of  color ;  the  rods  do  not.  The  ability 
to  see  in  bright  light  is  different  from  the  ability  to  see  in  dim 
light,  and  the  rods  play  an  important  role  in  the  latter.  The 
two  right-hand  halves  of  the  two  eyes  are  put  into  intimate  rela- 
tion within  the  brain  (and  similarly  for  the  two  left-hand  halves). 
Beginning  with  such  simple  facts  as  these  and  continuing  to 
Dr.  Selig  Hecht's  recent  discoveries  concerning  the  sensitivity 
of  the  visual  purple,  a  great  deal  is  known  about  the  ability  to 
see.  But  very  little  is  known  about  the  neural  basis  of  the 
ability  to  draw  or  paint,  or  even  the  ability  to  have  lively  visual 
images,  pictures  before  the  mind's  eye.  Much  is  known  also 
about  the  ability  to  hear,  and  p8ycholojj:ists  are  proud  of  Dr. 
Wever's  share  in  this.  But  very  little  is  known  about  the  neural 
bases  of  the  ability  to  understand  huiguage  or  to  play  the  violin. 

Relatively  little  is  known,  compared  to  what  we  would  like  to 
know,  about  the  billions  of  neurones  that  compose  the  brain. 
We  know  that  neurones  conduct  and  a  good  deal  about  how  they 
conduct.  We  have  recently  learned  tliat  neurones  may  act  as 
glands  secreting  substances  wliich  may  activate  neurones  which 
the  secretion  reaches.  We  know  that  the  topography  of  the 
brain  is  influential  on  its  action,  certain  functions  being  localized 
in  certain  systems  of  neurones.  We  know  that  the  neurones  in 
idiots'  brains  are  relatively  simple  and  coarse  in  structure.  But 
if  we  had  the  brains  of  Newton,  Beethoven,  Darwin,  Shakespeare 
and  Bismarck  all  sectioned  for  examination,  our  best  neurolo- 
gists probably  could  not  tell  which  had  great  mathematical 
ability,  which  had  great  musical  ability,  etc.,  or  which  knew 
English  and  which  knew  German.  We  are  not  even  sure  that 
we  know  where  to  look,  or  what  to  look  for,  in  the  search  for  the 
neural  bases  of  such  mental  abilities. 

The  neurologists  of  two  generations  ago  thought  that  they 
did  know.  They  assumed  that  the  brain  consisted  of  ** centers" 
each  of  which  was  of  prime  importance  for  some  ability  or 
abilities,  and  pathways*'  from  sense  organ  to  center,  center 
to  center,  and  center  to  muscles  and  glands.  A  well  developed 
** center"  implied  a  high  degree  of  the  a])ility  and  was  something 
like  a  combination  of  a  factory  and  a  storehouse.  The  so-called 
cell-body,  that  is,  tlie  thickened  part  of  a  neurone  containing  its 
nucleus,  was  supposed  to  be  the  main  agent  of  neurones  in 
causing  abilities. 
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We  now  know  that  a  brain  is  not  much  like  a  system  of  fac- 
tories and  storehouses  interconnected  by  railroad  tracks.  It  is 
more  like  a  telephone  and  telegraph  system  with  the  added 
feature  of  more  or  less  permanent  modification  by  all  the  con- 
nections made  and  messages  sent.  It  may  include  an  elaborate 
system  of  resonators.  What  corresponds  to  an  ability  is  more 
like  a  system  of  connections  and  modifications  involving  all  army 
or  navy  activities  than  like  a  regiment  of  cell-bodies.  The  cell 
bodies  indeed  may  only  nourish  and  care  for  the  conducting  parts 
of  the  neurones.  What  the  pattern  of  the  neurones'  actions  is 
may  often  be  more  important  than  which  particular  neurones 
they  are. 

Localization  of  abilities  in  ''centers"  had  been  discarded  a 
generation  ago,  and  replaced  by  localization  in  j^roups  of  con- 
ductors and  synapses  with  diH'usion  to  other  gron})s  and  con- 
vergence to  connnon  final  paths.  The  localization  was  fairly 
complex  for  even  such  simple  abilities  as  to  scratch  an  itching 
spot,  or  clench  the  hand,  or  close  the  eyes,  at  w411 ;  and  was  in- 
creasingly complex  for  broader  abilities.  This  doctrine  of 
localization,  was  attacked  as  too  inflexible  by  a  psychologist, 
Franz,  who  showed  that  the  word  done  by  one  system  of 
neurones  could,  to  an  unexpected  degree,  be  taken  over  by  an- 
other; and  another  psychologist,  Lashley,  has  continued  and 
greatly  widened  the  attack  in  a  brilliant  series  of  experiments 
in  which  various  parts  of  the  brain  of  the  white  rat  are  extir- 
pated and  the  resulting  changes  in  the  rat's  abilities  are  observed 
and  measured. 

I  lack  time  to  describe  Lashley's  facts  and  inferences,  and 
lack  both  time  and  ability  to  api)raise  them.  But  I  think  a  con- 
sensus of  ('om])etent  students  of  the  brain  and  mind  would  still 
hold  that  localization  has  real  and  ,i;reat  influence  and  that  what 
an  al)ility  is  depends  in  part  upon  Avhicli  neurones  are  actinp:, 
but  would  admit  that  the  localization  within  the  cerebrum  is  far 
more  comi)lex  and  more  indeterminate  than  had  been  supposed, 
and  that  it  may  be  supplemented  by  selective  sensitivities  or 
resonances.  Lashley's  startling;  doctrine  that  the  amount  of 
cerebrum  that  is  cut  out  rather  than  which  part  is  cut  out  is 
often  decisive  for  a  rat's  ability  to  learn  may  not  be  true  for 
man,  but  it  can  reinforce  a  useful  lesson — ^that  in  man  every 
ability  normally  operates  under  an  overhead  control  by  his  past 
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developineiit  and  present  status  and  purposes.  The  man  him- 
self cooperates  in  most  of  his  abilities. 

I  hope  that  my  account  of  mental  abilities  has  satisfied  you. 
It  will  not  satisfy  my  psychological  colleagues.  They  will  pro- 
test "Why  did  you  omit  all  reference  to  the  theories  of  the  neural 
basis  of  intelligence  that  have  been  set  forth  by  psychologists, 
including  your  own?  Why  did  you  say  nothing  about  the  dif- 
ferences between  the  sexes  and  between  races,  and  the  great  dif- 
ferences between  individuals?  Why  did  you  not  evaluate  the 
contributions  of  heredity  and  environment  to  various  represen- 
tative abilities  T  Why  did  you  not  trace  the  course  of  mental 
abilities  from  birth  to  maturity  and  on  to  old  aget  Why  did 
you  not  report  the  careful  work  that  has  been  done  on  certain 
special  abilities,  such  as  the  ability  to  read  and  the  ability  to 
learn  to  singf"  Psychology  has  been  active  in  all  these  fields 
and  my  only  excuse  for  not  including  them  is  that  if  I  had,  this 
report  would  have  been  over  twice  as  long. 
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The  average  experiineiital  josychologist  is  often  embarrassed 
by  the  supposition  on  the  part  of  his  scientific  colleagues  that 
psychoanalysis  is  part  and  parcel  of  psychology.  To  most  ex- 
perimental psychologists  psychoanalysis  is  a  source  of  gen- 
eralized annoyance  somewhat  similar  to  that  experienced  by  the 
astronomer  when  reminded  of  the  subject  of  astrology.  Again 
the  professional  psychologist  listening  to  certain  of  his  col- 
leagues in  psychiatry,  neurology,  anthropology  or  sociology,  is 
all  too  frequently  bewildered  and  amazed  at  the  calm  acceptance 
which  his  scientific  brethren  extend  to  psychoanalytic  concepts 
and  explanations.  Our  academic  psychologist  is  astonished  by 
essays  written  by  his  friends  in  the  English  or  Greek  Depart- 
ment wherein  psychoanalytic  terms  are  freely  used  and  psycho- 
analytic theories  expounded  as  fact.  In  the  daily  press  he  finds 
leading  articles  by  columnists  who  couch  their  explanation  of 
world  events  in  psychoanalytic  terms.  His  children  come  home 
from  college  talking  about  narcissism,  repression  and  libido  in 
the  same  matter  of  fact  way  in  which  they  discuss  democracy, 
vocational  guidance,  and  religious  freedom. 

In  brief,  it  seems  to  the  psychologist  that  everyone  is  assum- 
ing that  psychology  is  psychoanalysis  and  that  the  general  public 
automatically  assumes  that  any  psychologist  is  also  a  psycho- 
analyst. 

The  professional  psychologist  is  an  exi)erimentalist,  whose 
research  is  designed  in  terms  of  the  scientific  method.  Hence, 
in  his  approach  to  psychoanalysis  he  should  make  use  of  the 
same  scientific  methods  which  he  applies  when  he  studies  learn- 
ing, personality  development,  or  perceptual  illusions.  Unfor- 
tunately, there  seem  to  be  only  two  avenues  open  for  the  investi- 
gation of  the  subject  matter  of  psychoanalysis — reading  what 
the  professional  psychoanalysts  have  written  about  it,  or  under- 
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going  an  analysis  oneself.  Most  psychologists  find  the  psycho- 
analytic literature  inadetpiate  from  the  standpoint  of  scientific 
reporting..  The  terminology  is  loose  and  ill-defined;  reasoning 
by  analogy,  proof  by  dictum  and  special  pleading  are  apparent 
at  every  turn,  while  control  experiments  and  repeated  observa- 
tion never  occur.  But  in  this  literature  he  does  find  much  of 
interest;  endless  evidence  of  shrewd  observation;  a  wealth  of 
human  study;  and  style  of  reporting  which  seems  to  combine 
literature,  medicine  and  religion  in  an  odd,  persuasive  way.  He 
is  told,  however,  that  the  only  way  really  to  know  psychoanalysis 
is  to  be  analyzed  oneself — ^a  matter  of  an  hour  a  day  for  some 
10  or  15  months — and  that  the  fee  will  be  from  five  to  twenty 
dollars  for  each  one  of  the  200  to  300  hours.  In  spite  of  the  time 
and  the  money,  enough  experimentally  trained  psychologists  have 
subjected  themselves  to  analysis  and  reported  the  process  so 
that  we  now  have  a  working  basis  fur  applying  the  scientific 
method  to  the  psychological  aspects  of  psychoanalysis. 

We  now  know  that  there  are  three  major  themes  in  psycho- 
analysis which  must  be  carefully  kept  separate  in  our  thinking. 
First,  psychoanalysis  is  a  special  form  of  therapy,  that  is,  a 
method  of  healing;  second,  psychoanalysis  is  a  recondite,  the- 
oretical, philosophical  system  very  similar  to  a  rehgion;  and 
third,  psychoanalysis  is  a  relatively  definable,  repeatable,  par- 
tially controlled  psychological  experiment  during  which  a  sci- 
entific method  of  sorts  is  followed.  I  repeat,  in  order  to  think 
scientifically  about  psychoanalysis  one  must  differentiate  ther- 
apy, theory,  and  method. 

Actually,  all  of  psychoanalysis  is  oriented  about  therapy. 
This  grows  out  of  the  historical  fact  that  Freud's  discovery 
which  ho  called  psychoanalysis  was  and  is  a  psychotherapeutic 
procedure  which  produced  beneficial  results  when  applied  to 
hysterical  and  neurotic  patients.  The  chief  medical  interest  in 
psychoanalysis  remains  in  the  therapeutic  appHcations  since 
therai^y  is  the  raison  d'etre  of  the  physician. 

After  tlio  initial  discovery  of  this  therapeutic  procedure, 
Freud's  thinking  followed  two  lines.  The  first  was  that  of  ex- 
plaining the  psychological  phenomena  revealed  by  the  therapy. 
The  second  was  the  standardizing  and  perfecting  of  the  technical 
procedure  and  methodology  followed  in  the  therapy. 
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Freiid  stated  that  he  avoided  readinu:  widely  concerning 
previous  philosophical  or  psychological  views  rehited  to  the 
phenomena  he  discovered  in  analyses.  This  he  did  to  av^oid 
Ijrejudice  and  preconceived  ideas.  To  explain  the  phenomena 
of  psychopatholog\'  he  built  up  a  system  called  ' ' metapsychol- 
ot^y"  which  is  a  philosophical  speculation  regarding  the  mind; 
a  type  of  speculation  w^hich  cannot  be  verified  by  direct  experi- 
ence. To  most  psychologists  this  metapsychology  is  part  ra- 
tional, part  irrational,  part  dictum,  part  analogy  and  part  based 
on  clinical  observation.  It  has  all  the  strength  and  weakness  of 
a  new  viewpoint  essentially  derived  by  one  brilliant  thinker  who 
declined  to  contaminate  his  thinking  by  reference  and  conference 
with  the  work  and  thinking  of  his  predecessors  and  contem- 
poraries in  the  same  field.  (There  was  some  reference  to  eth- 
nology and  folklore  but  almost  all  other  contemporary  science 
was  neglected.) 

Essentially  it  is  this  psychoanalytic  metapsychology  which 
has  been  and  remains  the  center  of  controversy.  Practically 
every  scientist  of  every  scientific  discipline  who  has  interested 
himself  in  psychoanalysis  has  found  much  that  was  stimulating 
and  much  to  criticize.  IMost  i)sychiatrists  and  some  neurologists 
have  completely  accepted  psychoanalysis  including  metapsychol- 
ogy, while  most  other  medical  specialists  have  either  condemned 
or  have  reserved  their  judgment  of  the  theory  and  practice  of 
psychoanalysis. 

Where  the  acceptance  of  the  metapsychology  has  occurred, 
it  has  been  due,  I  believe,  to  a  felt  need  for  some  system  of  ex- 
planation which  would  provide  guiding  principles  with  which  to 
deal  with  psychopathological  phenomena.  There  does  not  exist 
any  satisfactory  or  inclusive  systematic  frame  of  reference  for 
explaining  many  psychopathic  phenomena  other  than  that  pro- 
vided by  the  metapsychology  of  Freud.  Evidently,  whether  one 
wishes  to  acknowledge  ignorance  or  to  accept  the  highly  specu- 
lative and  esoteric  system  of  Freudian  metapsychology  is  a 
matter  of  personal  preference  plus  the  exigencies  of  the  imme- 
diate problems. 

Metapsychology  may  be  dealt  with  by  the  speculative  philos- 
opher the  theoretical  psychologist  and  the  theologian.  The 
therapeutic  aspect  of  psychoanalysis  is  a  matter  for  the  clinician 
to  accept  or  reject. 
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The  experiiiioiital  procedure  followed  during  a  series  of  an- 
alytic hours  does  come  into  the  compass  of  experimental  psy- 
chology. It  is  worthwhile  for  the  experimental  psychologist  to 
look  into  this  aspect  of  psychoanalysis,  using  the  usual  criteria 
imposed  by  the  scientific  method  in  the  hope  that  the  differentia- 
tion between  fact,  theory  and  analogy  may  become  more  clear. 
We  must  inquire  into  the  process  of  analysis  to  ascertain,  where 
possible,  how  the  psychological  phenomena  are  related  to  the 
analytic  process  and  method,  disregarding  all  metapsychology 
and  other  theory;  in  brief,  what  is  done,  how  it  is  done,  and  what 
happens. 

At  the  very  beginning  of  a  psychoanalysis  the  analyst  asks 
the  patient  to  be  absolutely  frank  and  not  to  withhold  intention- 
ally anything  that  crowds  into  his  mind  and  to  try  to  overcome 
gradually  all  influences  that  may  prevent  his  reporting  certain 
of  his  thoughts  or  memories  to  the  analyst.  The  patient  must 
learn  to  talk  without  reticence  or  restraint,  allowing  his  mind  to 
proceed  with  its  thoughts  in  a  free  fashion,  reporting  whatever 
comes  up  no  matter  what  the  nature  of  the  thought  may  he. 
This  is  a  process  of  uncontrolled  or  free  association  which  must 
be  learned. 

During  each  analytic  hour  the  patient  reclines  on  a  low  couch 
while  the  analyst  sits  in  a  chair  at  the  head  of  the  couch,  out  of 
the  range  of  vision  of  the  patient.  The  physical  surroundings, 
the  hour  of  the  day,  and  the  patient-analyst  relationship  are  kept 
constant.  While  the  patient  reports  the  analyst  writes  in  a 
notebook.  For  the  most  part  the  analyst  limits  his  verbal  com- 
ments to  the  pointing  out  of  relationships  or  to  an  occasional 
suggested  interpretation.  His  usual  reply  to  a  direct  question 
is  **What  do  you  think?'*  or  **Why  do  you  think  sof  WTien 
advice  is  rocpiested  he  deliberately  restricts  the  scope  of  his 
answers,  lie  points  out  to  the  patient  tlie  necessity  for  making 
no  major  decisions  or  changes  in  his  routine  of  existence  during 
the  analysis.  The  set-up  is  one  which  emphasizes  and  tends 
to  extend  the  psychoanalyst's  prestige  and  power  in  the  mind 
of  the  patient.  Every  effort  is  made  to  maintain  the  period  of 
analytic  sessions  under  as  constant  conditions  as  possible.  It  is 
true  that  individual  practitioners  modify  this  process  to  fit  either 
their  own  ideas  of  the  patient's  needs,  but  the  conditions  for  any 
one  individual  are  relatively  constant. 
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During  1940  the  Journal  of  Abnormal  and  Social  Psychology 
printed  a  symposium  on  psychoanalysis  as  experienced  by  10 

psycholojasts  who  have  been  analyzed.  The  motivation  leading 
to  enteriniL!:  an  analysis,  the  type  and  len,i>th  of  analysis  and  the 
adequacy  of  the  report  of  the  psyeholoji,ists  varies  widely,  but 
enough  similar  material  is  reported  so  that  we  may,  with  some 
assurance,  describe  certain  common  psychological  phenomena 
which  occurred  during  these  analyses. 

An  outstanding  phenomenon  occurring  especially  during  the 
earlier  months  of  analysis  is  anxiety,  guilt  feeling,  or  generalized 
apprehension.  This  is  a  pervasive  unrest  which  invades  all  of 
the  patient's  thinking  and  interpersonal  relationships.  This 
anxiety  may  attach  itself  to  some  specific  event  or  person,  or  it 
may  be  generalized  without  attachment  to  anything  specific.  In 
its  unattached  form  it  colors  existence  in  the  same  way  that  col- 
ored glasses  tint  the  visual  field.  When  this  anxiety  does  attach 
itself  to  some  event  or  person,  it  does  so  in  what  seems  to  be  an 
irrational  fashion.  Only  after  considerable  free  association 
does  the  attachment  become  plain  and  the  connections  obvious 
between  the  feeling-tone  and  the  point  of  attachment.  A  fur- 
ther characteristic  of  the  anxiety  experience  is  the  way  in  which 
it  may  enter  into  all  varieties  of  judgment  and  conscious  be- 
havior in  a  dissociated  fashion. 

The  mental  state  called  resistance  is  manifested  in  either  of 
two  circumstances.  Either  the  patient  finds  himself  continu- 
ously blocked  in  his  free  associations  and  can  think  of  nothing  to 
talk  about,  or  so  many  things  enter  his  mind  that  he  is  unable 
to  select  which  topic  of  conversation  he  shall  follow.  The  first 
variety  of  resistance  grows  out  of  a  necessary  selection  of  topic 
of  conversation.  If  one  has  told  one's  autobiography  and  then 
elaborated  on  it,  one  may  find  oneself  at  a  loss  for  conversation. 
Talking  about  present-day  events,  business,  science,  etc.,  is  not 
encouraged.  The  patient  has  a  distinct  feeling  that  he  is  wast- 
ing his  time  and  money  in  such  impersonal  conversation.  Yet 
the  every-day  conversation  of  most  of  us  is  non-personal.  He 
therefore  has  to  break  dowm  an  habitual  mode  of  social  response 
and  substitute  for  it  a  childish,  irrational,  emotional,  personal 
monologue.  This  is  difiicult  and  annoying.  In  the  process  of 
learning  this  substitution  the  second  alternative  just  mentioned 
may  occur;  namely,  the  diflSculty  in  selecting  the  topic  to  be 
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discussed.  For  example  one  may  have  had  a  dream  which  per- 
severates  in  one's  thinking,  one  may  have  remembered  some 
emotional  event  from  one's  childhood,  and  one  may  be  thinking 
of  some  recent  personal  emotional  experience.  All  three  lines 
of  thought  seem  to  run  along  apparently  independently  and 
simultaneously.  Which  of  the  three  should  be  reported?  Anx- 
iety plus  resistance,  that  is  trying  to  talk  with  nothing  to  say  or 
too  much  to  say,  while  paying  for  the  privilege,  constitutes  a 
real  emotional  frustration. 

Unconscioiis  memories  are  said  to  be  brought  out  by  analysis. 
It  is  true  that  many  forgotten  events  are  recalled.  However,  to 
the  professional  psychologist  this  seems  neither  strange  nor  dif- 
ficult to  explain.  If  one  revisits  a  scene  once  familiar  but  long 
forgotten,  the  associated  detail  of  forgotten  memory  which  comes 
into  the  foreground  of  consciousness  is  well  known  and  recog- 
nized. If  one  sets  oneself  the  problem  of  reconstructing  the  past 
in  as  great  detail  as  possible  it  can  be  done  with  surprising  com- 
pleteness. When  one  strives  to  recount  childhood  memories  and  ! 
emotional  events,  the  describing  of  certain  memory  traces  leads 
on  to  many  other  details  which  were  thought  to  have  been  for- 
gotten. As  a  consequence  one  is  able  to  recall  many  occurrences 
which  somehow  seem  to  be  related  to  the  formation  of  adult 
attitudes  and  habits.  One  is  able  to  understand  without  too 
much  difficulty  why  these  forgotten  events  are  influenciaL 
There  is  no  particular  need  to  describe  this  phenomenon  in  terms 
of  unconscious  motivation  or  unconscious  dynamics.  It  is  a 
redintegrative  process  in  which  adult  responses  carry  with  them 
an  emotional  tone  and  character  identical  or  very  similar  to  that 
which  occured  in  many  childhood  experiences.  The  concept  of 
redintegration,  that  is,  the  arousal  of  a  res})onse  by  a  fraction 
of  the  combined  stimuli  which  originally  aroused  it,  has  a  long 
history  and  quite  sufficient  experimental  evidence  to  make  it 
scientifically  acceptable. 

In  this  process  of  recalling  forgotten  memories  one  neces-  ] 
sarily  assumes  a  childish  attitude  and  childish  way  of  thinking.  j 
This  has  been  termed  regression.  That  it  is  true  regression  I  | 
doubt.   It  is  a  specialized  attitude  necessary  for  adequate  recall.  \ 

A  special  feature  of  these  forgotten  memories  involves  the  | 
childhood  emotional  reactions  toward  one's  parents.   This  goes 
by  the  analytic  term  of  (Edipus  Complex  or  Family  Romance. 
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Since  the  child  is  so  emotionally  dependent  on  his  parents  and 
since  it  is  necessary  at  the  time  of  adolescence  to  attain  the  emo- 
tional independence  of  an  adnlt,  there  can  be  no  doubt,  that  there 
are  many  emotional  conflicts  and  frustrations  which  are  only 
partially  resolved  and  which  persist,  coloring  adult  attitudes. 
These  particular  phenomena  are  not  difficult  to  understand.  It 
is  merely  that  an  emotional  tie  did  exist  between  the  child  and 
his  parents  and  that  it  was  only  partially  dissolved. 

This  leads  to  the  whole  notion  of  the  dynamic  unconscions 
which  is  a  basic  concept  in  metapsychology.  Again  it  seems  that 
for  the  most  part  this  is  bnt  the  residuum  of  forgotten  emotional 
experiences  which  were  not  resolved  at  the  time  of  occurrence 
and  which  are,  or  may  be,  still  active  in  the  mental  life  of  the 
individual  through  the  process  of  redintegration. 

Breams  and  dream  symbolism  have  started  a  great  deal  of 
controversy.  For  several  reasons  dreams  are  excellent  taking- 
oft  places  for  free  association.  They  are  fantastic,  childish,  dis- 
connected, and  illogical.  Their  recounting  sets  up  disconnected 
and  illogical  thinking.  Since  they  are  made  up  of  a  mixture  of 
elements  there  are  many  lines  of  departure  for  free  associations. 
The  dream  attitude  of  unconfined  reverie  is  exactly  that  which 
is  most  conducive  to  free  associations  of  a  wandering  sort  which 
may  bring  out  forgotten  memories  and  associations  which  fre- 
quently furnish  the  clue  leading  to  the  explanation  of  a  style  of 
reaction.  The  interpretation  of  the  dream  by  the  analyst  is 
partly  systematic  and  partly  trial  and  error.  It  does  seem  that 
many  elements  of  thought  carry  with  them  common  secondary 
meanings  which  somehow  involve  themselves  in  the  dream. 
These  secondary  meanings  provide  a  convenient  basis  for  inter- 
pretation or  pointing  out  of  connections  for  further  free  associa- 
tion. Thus,  the  analyst  may  say,  '*It  seems  to  me  that  your 
dream  means  such  and  such.''  If  this  notion  is  acceptable,  the 
patient  can  proceed  with  his  associations  and  perhaps  gain  fur- 
ther insight  concerning  some  line  of  thought.  If  the  suggestion 
is  unacceptable,  the  patient  can  reject  it  and  there  is  nothing  lost. 

Transfer  is  said  to  be  an  invariable  mark  of  a  true  thera- 
peutic analysis.  Psychologically  transfer  and  conversion,  as 
described  by  James  in  his  book,  TJic  Varieties  of  ReUfjicms  Ex- 
perience, are  approximately  identical.  In  essence,  transfer  is  a 
psychological  unloading  of  the  patient's  troubles  on  the  analyst, 
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accompanied  bv  an  emotional  over-evaluation  of  the  analyst. 
He  endows  the  analyst  with  extraordinary  or  su])ernatural  ^vis- 
dom  and  hopes  that  the  analyst  will  be  able  to  point  out  quickly 
the  solution  to  his  troublesome  thoughts  and  habits.  In  a  sense, 
transfer  is  a  falling  in  love  with  the  analyst.  The  erotic  nature 
of  this  transfer  is  mentioned  with  sufficient  frequency  to  con- 
vince one  that  it  is  an  actual  occurrence  in  many  cases.  In  other 
individuals  the  transfer  is  the  assuming  of  a  child-parent  rela- 
tionship hy  the  patient.  The  patient  is  putting  himself  into  a 
childish  attitude,  trying  to  bring  back  forgotten  memories.  Still 
another  aspect  of  transfer  is  the  assumption  of  the  same  rela- 
tionship which  exists  between  the  priest  and  his  parishioner. 
The  priest  is,  by  common  consent,  endowed  with  certain  super- 
natural (jualities  and  powers.  The  patient  assumes  the  role  of 
the  parishioner  and  trusts  that  the  analyst  will  lead  him  to 
reward  and  mental  tranquility  just  as  a  priest  might  do. 

Many  reporters  have  commented  on  the  character  of  insight 
gained  during  tlieii-  analysis.  The  patient  feels  that  he  under- 
stands himself  better,  is  better  able  to  cope  with  his  problems 
and  is  less  disturbed  by  troublesome  social  and  personal  situa- 
tions. This  is  usually  attributed  to  the  acquisition  of  insight. 
There  is  nothing  mysterious  about  this.  If  one  has  recounted 
one's  aut()biograi)hy  to  some  understanding  listener  and  has  had 
conmients  made  on  tlie  autobiography  and  associations  pointed 
out  which  were  not  previously  oin'ious  to  him,  he  is  certain  to 
gain  some  insight.  Insight,  then,  means  an  educative  process 
in  wiiich  many  un verbalized  attitudes  and  efiPects  become  ver- 
balized  and  satisfactorily  integrated  into  the  entire  personality. 

This  entire  process  of  enforced  free  association,  under  the 
circumstances  which  I  have  described,  leads  to  anxiety,  irrita- 
bility, resistance,  regression,  transfer,  etc.  All  these  are  symp- 
toms of  neurosis.  If  one  defines  neurosis  as  the  persistence  of 
non-adjustive  emotional  attitudes,  constantly  recurring  and  lead- 
ing to  inadequate  behavior,  then  the  analytic  process  must  by  its 
very  method  create  a  neurosis  and  insofar  as  the  individual 
resolves  his  emotional  inadequacies  and  gains  insight,  he  will 
be  freed  from  the  neurosis. 

All  these  phenomena  occur  with  a  great  deal  of  regularity 
during  analysis.  There  are  other  phenomena  which  occur  in 
lesser  degree  or  which  are  prominent  in  one  case  but  not  in 
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another.  To  the  best  of  my  belief,  there  is  no  need  to  have 
recourse  to  nietapsycholo,ny  to  exphiin  these  additional  phe- 
nomena any  more  than  there  was  to  explain  the  phenomena 
which  I  have  just  discussed. 

The  peculiar  mental  experiences  which  I  have  mentioned 
were  commented  on  by  most  of  the  analyzed  psycholouists  who 
reported  their  experiences  in  the  symposium.  Most  of  the  re- 
porters saw  no  reason  to  believe  that  their  experiences  tran- 
scended the  explanatory  principles  sufficient  in  general  experi- 
mental psychology.  Several  reporters  mention  how  the  psy- 
choanalytic procedure  itself  served  as  the  basis  of  certain  of 
their  experiences.  It  is  my  belief  that  most  of  the  phenomena 
brought  out  by  psychoanalytic  procedure  are  the  combined  re- 
sult of  the  method  plus  the  personality  under  study.  This  is  a 
combination  in  the  same  sense  that  the  behavior  and  experience 
of  a  man  who  is  alcoholically  intoxicated  is  a  combination  of 
effect  of  alcohol  and  his  individual  personality.  Hence,  it  seems 
to  me  that  most  of  metapsychology  is  an  unnecessary  speculative 
construction.  The  dynamic  unconscious  is  more  easily  under- 
stood in  terms  of  childhood  memories  of  which  the  effect  and 
the  affect  went  unrecot'iiized  until  more  closelv  surveved.  The 
CEdipus  Complex  turns  out  to  be  a  question  of  family  ties. 
Transfer  is  a  combination  of  ])iosti,2:e  suirgestion  and  adoption 
of  a  childish  attitude.  Dream  work  and  dream  symbolism  be- 
come a  form  of  waking'  acceptance  of  free  associations  which 
may  or  may  not  be  reasonable.  I  am,  in  elfect,  saying-  that  there 
is  nothinii'  mvstical  or  esoteric  broui»ht  out  bv  analvsis.  The 
-  use  of  ordinary  scientific  method  would  clarify  those  points 
which  are  still  obscure  and  general  experimental  psychological 
principles  will  furnish  all  of  the  necessary  explanations  without 
recourse  to  metapsycholop:>\ 

There  remains  the  question  of  the  claim  that  sex  is  the  basic, 
driving,  motivating  urge  of  human  life  and  experience;  that 
from  the  libido  (undifferentiated  sex  energy)  comes  all  of  the 
basic  developmental  forces  of  personality  growth  and  function. 
Again  the  evidence  shows  that  the  metapsychology  does  violence 
to  fact.  Freud's  original  therapeutic  measures  were  developed 
through  the  study  of  hysterical  and  neurotic  patients.  Other 
psychopathologists  had  shown  before  and  later  investigators 
have  shown  since  that  the  leading  psychological  defect  in  these 
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patients  is  an  einotioiial  inadequacy  marked  by  a  generalized 
fear  called  anxiety  or  guilt  feelini^:.  Free  association  starting 
from  the  anxiety  symptoms  fre({uently  leads  to  forgotten  sex 
memories.  Freud  then  held  that  this  sex  element  came  before 
and  was  more  important  than  fear.  It  seems  to  me  that  when 
one  is  dealing  with  the  memories  of  the  undifferentiated  emo- 
tions of  infancy  or  early  childhood,  there  is  little  reason  to 
name  the  experience  sex  or  fear  or  anger.  It  was,  and  still  is, 
more  socially  acceptable  and  more  scientifically  ''proper"  to 
discuss  fear  than  to  discuss  sex.  To  cut  through  a  long,  in- 
volved, and  often  fought-over  hypothesis,  I  believe  that  one  can 
safely  say  that  out  of  an  undifferentiated  emotional  reaction 
mass  of  infancy  develop  all  varieties  of  emotional  reactions, 
affects,  sentiments,  etc.,  of  adult  life,  and  that  one  important  dif- 
ferentiated system  among  several  others  is  that  which  we  call 
sex.  The  overwhelming  emphasis  on  sex  in  Freudian  meta- 
psychology  does  violence  to  evidence  admissable  under  the  rules 
of  scientific  method. 

Next  let  me  mention  briefly  the  impact  of  psychoanalysis 
upon,  and  its  importance  to,  social  science  and  anthropology. 
Let  no  one  doubt  that  psychoanalytic  concepts  are  used  more  in 
anthropology,  sociology  and  economics  than  are  those  of  experi- 
mental psychology.  The  academic  psychologist  just  never  got 
around  to  providing  experimental  evidence  or  even  adequate 
philosophical  speculation  concerning  the  development  of  the 
personality,  character  and  temperament  of  the  entire  man.  In 
similar  fashion,  nothing  was  prepared  for  the  physician,  psy- 
chiatrist or  neurologist  when  he  came  to  deal  with  the  problem  • 
of  the  entire  organism.  Psychoanalysis  did  present,  through 
metapsychology,  a  workable  hypothesis.  The  scientist  working 
in  any  field  must  accept  and  use  the  tools  and  constructs  of  those 
working  in  the  scientific  disciplines  basic  to  his  own  field.  For 
the  most  part,  the  psychologist  must  accept  the  findings  of  the 
physiologist,  biochemist,  and  endocrinologist  as  factual  and  well 
established.  The  fact  that  psychoanalysis  was  and  is  a  mixture 
of  fact  and  unsupported  theory  is  unfortunate  for  all  concerned, 
but  most  of  all  it  is  unfortunate  for  the  psychologist,  since  he 
should  have  provided  and  ultimately  he  must  provide  the  clari- 
ed  and  unified  scientific  basis  of  explanation  in  this  realm  of 
knowledge. 
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Meanwhile,  our  collea,i;uos  in  the  social  sciences  and  in  an- 
thropology accepted  psychoanalysis  as  a  factual  system  and  are 
atteniptinj^  to  orient  their  scientific  efforts  in  these  terms.  This 
has  led  to  endless  confusion.  It  is  as  if  the  physiologist  asked 
the  chemist  for  a  method  of  study  and  an  hypothesis  to  explain 
the  chemical  action  of  the  pituitary  gland  and  was  told  that  no 
exact  chemical  knowledge  or  methods  of  study  existed  but  that 
a  Russian  pathologist  had  made  some  interesting  observations 
on  pituitary  function  and  developed  an  esoteric  chemical  theory 
which  no  chemist  had  verified.  Should  the  physiologist  wait 
until  chemistry  does  develop  a  method  or  explanation,  or  should 
he  accept  the  brilliant  speculations  of  the  pathologist  1 

In  conclusion,  allow  me  to  summarize  the  factual  contribu- 
tions of  psychoanalysis  to  modem  psychology.  In  the  first 
place,  psychoanalytic  investigation  forced  psychologists  to  rec- 
ognize and  to  inquire  extensively  into  the  role  of  infantile  and 
early  childhood  thought  and  fantasy  on  the  mental  life  of  the 
adult.  Here  the  contribution  was  direct  from  psychoanalysis  to 
psychology  and  of  first  importance.  This  constitutes  a  rapidly 
developing  body  of  knowledge.  Closely  associated  with  this  is 
the  second  contribution  which  the  psychoanalysts  have  called  the 
dynamic  role  of  the  unconscious.  That  forgotten  memories, 
emotional  experiences  put  out  of  mind,  childhood  fantasies,  the 
prohibitions  of  childhood  training,  etc.,  etc.,  do  influence  thought 
and  action  and  in  w^ays  not  readily  recognized  by  the  individual 
himself,  is  now  apparent  and  psychologically  accepted.  This 
field  is  being  studied  by  the  more  usual  psychological  methods 
and  in  due  course  the  mysterious  dynamic  unconscious  will  prob- 
ably turn  out  to  be  but  ])art  of  a  section  of  the  learning  process. 
A  third  contribution  has  l)een  the  foi-cing  of  the  attention  of  psy- 
chologists to  the  psychology  of  sex  and  sexuality.  This  may 
not  be  comfortable  but  as  psychologists  we  must  deal  with  the 
biological  organism  as  it  is  and  in  all  its  aspects.  We  can  no 
longer  continue  the  cultivation  of  polite  blind  spots  protected  by 
the  dictum  that  such  topics  are  not  the  proper  field  of  psycho- 
logical study  since  Wundt  did  not  include  them  in  his  experi- 
mental program  announced  in  1880.  Lastly,  the  psychoanalysts, 
by  setting  up  a  theory  and  explanation  of  the  structure  of  per- 
sonality which  was  and  is  unacceptable  to  most  psychologists 
compelled  psychologists  to  initiate  the  scientific  study  of  per- 
sonality. 
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The  caprice  of  circumstance,  not  personal  preference,  dic- 
tated my  subject  in  this  program  on  "Recent  Advances  in  Psy- 
chology." Ordinarily  I  should  have  chosen  to  sketch  the  his- 
tory of  Comparative  Psychobioloj^y  in  the  current  century.  In- 
stead, as  one-time  commanding  officer  of  the  first  company  of 
military  psychologists  in  the  world,  I  speak  of  relations  of  my 
science  to  the  art  of  defense.  By  psychology  I  shall  mean  the 
science  of  behavior-experience;  by  defense,  protective,  preserva- 
tive, and  constructive  activity.  Using  military  psychology  and 
its  notable  exhibits  as  my  point  of  departure,  I  shall  later  aban- 
don the  role  of  historian  for  that  of  social  planner  and  discuss 
relations  of  psychology  to  defense  against  such  internal  weak- 
nesses as  ignorance  and  superstition,  selfishness  and  cowardice. 
For  what  we  are  individually  is  more  important  than  our  im- 
mediate objectives,  since  strength  comes  only  transiently  from 
needs  induced  by  aggression,  while  it  comes  lastingly  from  faith 
and  deep  conviction.  Looking  through  and  beyond  this  world 
clash  of  cultures,  I  purpose  to  exhibit  psychology  as  a  basic  sci- 
ence and  profession,  the  applications  of  which  are  as  varied  as 
the  problems  of  behavior  and  the  potential  significance  of  which 
for  our  civilization  matches  that  of  the  physical  sciences  and 
their  respective  branches  of  engineering. 

Ours  is  the  tradition  that  life  is  sacred  and  that  nothing  hu- 
man may  safely  be  tampered  with.  Therefore,  our  preoccupa- 
tion with  material  things,  to  the  neglect  of  efforts  to  control 
human  form  and  functions.  It  is  not  surprising,  in  view  of  this 
ancient  bias,  that  mental  engineering  should  have  remained  prac- 
ticallv  unknown  to  military  men  until  our  time.  The  discovery 
dates  from  our  declaration  of  war  in  April,  1917.  Promptly 
American  psychologists  decided  to  try  to  increase  military  effec- 
tiveness by  bringing  their  infoi-mation,  techni(iues,  and  insights 
to  bear  on  problems  of  manpower.   As  personnel  specialists 
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and  psychological  exaiiiiners,  they  assisted  with  the  api)raisal 
of  recruits  by  supplying  descrii^tive  measurements  of  mental 
alertness,  adaptability,  and  trade  or  other  skills.  Thus  they  con- 
tributed to  the  data  for  intelligent  military  selection  (accept- 
ance or  rejection),  classification,  assignment,  and  trjiining. 

Aside  from  the  solution  of  varied  psychological  problems  for 
the  army  and  navy,  two  principal  lines  of  service  w^ere  develo])ecl- 
The  Division  of  Psychology  of  the  Medical  Department  of  tho 
Army  examined,  rated,  and  reported  on  the  mental  caliber  of 
nearly  two  million  men,  while  the  Committee  on  Classification  of 
Personnel  of  the  Adjutant  GeneraPs  Department  trade-tested, 
rated,  and  aided  with  the  assignment  of  other  hundreds  of 
thousands. 

As  I  have  elsewhere  expressed  it :  ^ 

The  theory  of  psychological  service  was  that  human  factors  should  be 
appreciated,  measured,  and  intelligently  used,  that  so  far  as  feasible 
chance,  personal  whhn  or  bias,  and  convention  should  be  replaced  hy  ac- 
tion in  the  light  of  reasonably  accurate  and  thoroufjh  information.  In  a 
word,  that  the  army  should  utilize  what  may  be  called  "human  enjj^ineer- 
ing,"  just  as  it  attempts  to  utilize  other  forms  of  engineering  which  have 
to  do  primarily  with  non-living  things. 

These  novel  services,  of  which  the  development  inevitably 
aroused  both  strenuous  opposition  and  enthusiastic  support, 
necessitated  the  preparation  of  methods  and  equipment,  plan- 
ning for  organization  and  integration  of  activities,  and  the  re- 
cruitment of  hundreds  of  young  men  qualified  for  training  as 
military  psychologists.  When  the  Armistice  became  effective  in 
November,  1918,  between  two  and  three  hundred  psychological 
specialists  were  serving  in  our  military  establishments.  As  a 
result  of  their  labors,  psychotechnology  had  demonstrated  values 
and  potentialities  of  development  which  commanded  the  lively 
interest  and  respect  of  military  leaders. 

The  AVorld  War  sjiw  no  developments  of  military  psychology 
or  other  personnel  services  in  any  other  country  which  w-ere 
remotely  comi)arable  with  wdiat  occurred  in  the  United  States  of 
America.  Germany,  late  in  the  war,  tested  certain  psychologi- 
cal procedures  for  ])ersomiel  selection,  wdtli  favoral)le  result; 
Canada  concentrated  on  improvement  of  methods  of  military 

lYcrkes,  Robert  M.  "Tlio  Role  of  Tsvohology  in  tho  War."  Chapters  XX- 
XXI  in  New  World  of  Science,  p.  358,  1920  (New  York,  Century  Co.).  [Reprinted 
as  separate,  1941.] 
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training  and  reeducation  ;  and  England  utilized  her  psychologists 
chiefly  to  supplement  the  labors  of  medical  officers.  Ours,  be- 
canse  of  superior  professional  resources  and  less  acute  risks 
from  aggression,  was  an  altogether  unique  opportimil y  for  pi- 
oneering, the  prompt  improvement  of  which  yielded  signal 
successes. 

The  war's  end  in  1918  signaled  the  return  of  military  psy- 
chologists to  their  customary  occupations.  Our  army  and  navy 
retained  records  and  memories  of  their  services,  but  not  even  a 
cadre  of  specialists.  Following  the  Armistice  it  was  wisely  de- 
cided, in  the  light  of  previous  experience,  to  center  all  psycho- 
logical activities  hereafter  in  the  Department  of  the  Adjutant 
General  instead  of  permitting  them  to  continue  divided.  But 
unfortunately  provisions  were  not  made  for  the  continued  de- 
velopment of  military  ])sychology  as  mental  engineering  within 
the  army.  This  cha])ter  of  service  ended  al)ruptly.  There  were 
universal  sighs  of  relief,  and  the  Congress  prom])tly  acted  on 
the  assumption  that  the  war  to  end  wars  had  actually  accom- 
plished that  purpose.  Isolation  had  its  field  day,  and  instead  of 
capitalizing  our  precious  experience  and  consolidating  the  en- 
couraging progress  which  had  been  made  in  mental  engineering, 
we  virtually  ignored  the  opportunity  in  favor  of  our  commercial 
pursuits.  For  twenty  years  military  psychology  remained  for 
us  merely  a  matter  of  historical  and  academic  interest. 

Not  so  in  Germany.  Awakened  to  the  practical  values  of 
psychology  by  a  few  demonstrations  at  home  and  the  startling 
achievements  in  America,  the  leaders  of  the  Reich  promptly  in- 
cluded psychologists  in  the  organization  which  was  designed  to 
reestablish  Germany's  might. 

To  understand  the  I'ole  of  psychology  in  postwar  German 
developments,  it  is  necessary  to  see  the  situation  clearly  and  in 
its  entirety.  The  nation  had  suffered  a  technical  defeat  at  arms 
while  remaining  uncoiuinered  internally.  Following  the  unac- 
cepted defeat  came  a  peace  unwise  in  its  terms,  and  even  more 
so  in  its  enforcement.  It  must  be  reckoned  one  of  the  tragic 
failures  of  civilization,  since  an  unprecedented  opportunity  to 
safeguard  the  world  against  future  wars  was  sacrificed  to  nar- 
row-minded selfishness,  fear,  and  shortsightedness.  Instead  of 
being  crushed  by  the  severity  of  the  Treaty's  terms,  Germany 
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was  goaded  to  deteriniiiation  and  superhuman  effort  to  recover 
her  strength  and  turn  the  tables. 

The  dominant  German  thonsflit-pattern,  fostered  by  the 
Treaty  of  Versailles,  includes  a  philosophy  of  war  in  which  sci- 
entific and  technological  discoveries  hold  a  conspicuous  place. 
AVarlikeness  is  considered  admirable,  something  which  is  char- 
acteristically German,  to  be  prized,  cultivated,  used  for  national 
aggrandizement. 

It  was  inevitable  that  the  idea  of  mental  versus  material  war- 
fare should  seek  and  find  place  in  this  philosophy  of  war.  First 
proposed  as  hypothesis  that  feelings,  thoughts,  and  attitudes 
might  be  used  as  instruments  of  warfare,  the  idea  soon  was  put 
to  the  test  in  the  civil  contest  between  democratic  and  Nazi 
ideologies.  It  is  said  that  the  Nazi  leaders  thus  proved  to  their 
satisfaction  the  effectiveness  of  mental  weapons. 

From  the  acceptance  of  mental  warfare  as  real  to  the  develop- 
ment of  the  concept  of  total  war  was  an  easy  step.  Total  war 
may  be  defined  as  the  emplo>nnent  of  all  available  material, 
mental,  and  spiritual  resources  to  achieve  national  objectives. 
It  is  unannounced,  timeless,  spaceless.  In  warfare  as  thus  con- 
ceived, psychology  and  its  applications  become  as  indispensable 
as  are  the  physical  sciences  and  their  technologies.  We  must 
now  inquire:  How  has  psychology  functioned  in  the  rehabilita- 
tion of  Germany  and  in  the  emergence  of  Nazism  as  a  threat  to 
other  cultures  and  ideologies! 

The  German  Ai'iiiy  of  one  hundred  thousand  men,  which  was 
authorized  by  treaty,  was  made  uj)  of  volunteers  who  enlisted 
for  twelve  years.  For  their  selection,  available  psychotechno- 
logical  methods  of  appraising  military  qualifications  were  em- 
ployed. When  in  1935  opportunity  for  further  militarization 
appeared,  this  small  army  of  carefully  picked  and  thoroughly 
trained  men  provided  the  organizers  and  leaders  for  a  sudden 
and  numerically  vast  expansion.  This  extraordinary  achieve- 
ment was  possible  because  unusual  military  experience  and 
acumen  were  reinforced  by  the  skillful  scientific  handling  of 
problems  of  manpower  as  well  as  machine-power.  Military  psy- 
chology thus  gained  full  recognition  in  Germany  and  came  to 
command  further  opportunities  for  the  demonstration  and  de- 
velopment of  values.  Henceforth,  human  engineering  took  its 
place  in  the  Thii-d  lieich  as  complement  of  physical  engineering. 
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For  a  decade  at  least,  Nazi  Germany  has  been  nioldinj^  psy- 
chology as  an  instrument  to  further  social  development  and  en- 
hance prestige,  influence,  and  military  power.  Psychologists 
have  been  made  specialist  servants  of  the  state,  and  remilitariza- 
tion stands  as  only  one  of  many  phases  of  Nazi  evolution  in  which 
they  have  proved  their  usefulness.  Characteristically  thorough- 
going study  of  the  problems  and  risks  involved  and  patient 
planning  prepared  the  way  for  the  present  system  of  state 
psychological  service.  Already  hundreds  of  young  men  have 
been  trained  for  the  various  branches  of  this  highly  technical 
service.  Selection  for  such  opportunities  is  made  on  the  basis 
of  personal  characteristics  and  professional  promise,  and  the 
course  of  training  extends  over  years  and  is  comparable  with 
that  required  for  other  learned  callings.  Back  of  a  personnel 
which  is  impressive  in  size  and  effectiveness  is  a  highly  equipi)ed 
complicated  organization. 

The  Central  Psychological  Institute  is  in  Berlin.  It  com- 
bines the  functions  of  research  laboratory  and  professional 
school.  Psychological  problems  of  propaganda,  morale,  per- 
sonality analysis  and  appraisal,  educational  training,  industrial 
efficiency,  fatigue,  and  similar  concerns  of  human  engineering, 
occupy  the  staff.  Military  psychology  is  one  only  of  the  divi- 
sions of  the  subject  in  which  a  student  may  choose  to  specialize. 
Those  who  elect  this  specialty  have  been  required  heretofore  to 
w^ork  two  to  four  years  as  probationers  in  central  and  field  lab- 
oratories or  stations  for  military  psychology  and  in  army  train- 
ing camps.  Presumably  the  procedure  is  very  different  under 
the  pressures  of  active  warfare. 

The  objectives  of  the  Central  Institute  are  furthered  also  by 
university  laboratories  and  branch  establishments  in  army  corps. 
In  all,  research  is  the  order  of  the  day.  Methods  for  the  obser- 
vation, measurement,  and  control  of  human  behavior  are  con- 
tinuously being  devised,  adapted,  developed,  tested,  and  evalu- 
ated. Pressure  and  incentives  to  progress  through  discovery 
are  not  lacking.  It  is  said  that  the  Nazi  army  psychologists 
have  come  to  rely  on  methods  of  personality  analysis  and  the 
judgment  of  examiners  instead  of  on  the  results  of  intelligence 
tests;  that  characterology,  temporarily  at  least,  is  in  the  as- 
cendant and  psychometry  in  eclipse.  The  truth,  however,  ap- 
pears to  be  that  intelligence  tests  have  been  supplemented  in- 
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stead  of  abandoned,  and  that  a  large  and  steadily  increasinir 
number  and  variety  of  observational  techniques  serve  for  the 
appraisal  of  the  individual. 

The  degree  of  thoroughness  and  comprehensiveness  of  psy- 
chological examinations  for  important  posts  or  occupations  is 
indicated  bv  the  time  devoted  to  them.  Thus  the  examination  of 
a  candidate  for  commissioned  rank  in  the  army  requires  two 
days,  with  an  intervening  rest  day.  It  is  conducted  by  a  board 
made  up  of  civil  and  military  psychologists  and  army  officers. 
The  ordeal  includes  several  kinds  of  tests  for  intelligence,  me- 
chanical aptitude,  will  power,  emotional  stability  and  control, 
leadership.  The  examiners  do  their  best  individually  and  col- 
lectively to  discover  and  rate  important  mental  traits  and  to 
obtain  a  practically  serviceable  picture  of  the  personality  of 
the  candidate.  American  military  psychologists  of  World  War 
expei  ience  will  marvel  at  the  contrast,  for  our  officers  of  .staff 
and  line  considered  it  generous  to  allow  minutes  instead  of  hours 
or  days  for  the  psychological  examination  of  a  recruit  or  a  can- 
didate for  training  as  an  officer.^ 

In  the  existing  emergency,  whether  or  not  technically  at  war, 
we  assuredly  are  not  at  peace,  even  in  our  own  minds.  More- 
over, we  are  no  longer  as  in  1917  pacemakers  in  military  psy- 
chology. Germany  long  ago  assumed  the  leadership,  and  at  the 
moment  we  are  but  halting  followers.  As  in  armament  produc- 
tion and  the  making  of  soldiers,  so  in  psychological  defense,  we 
plan,  and  are  under  compulsion,  to  accomplish  in  a  few  months 
what  the  Nazis  have  labored  over  for  a  decade.  It  is  to  be  hoped 
that  we  shall  honestly  and  resolutely  face  the  facts,  instead  of 
making  believe  that  we  are  in  all  essentials  superior  to  the 
totalitarian  peoples  and  their  means  of  aggression  and  defense. 

The  hope  and  expectation  that  we  can  greatly  exceed  Nazi 
speed  of  militarization  and  psychological  preparation  for  total 
conflict  are  neither  idle  nor  presumptuous.  For  although  among 
us  the  development  of  military  psychology  virtually  ended  with 
World  War  I,  the  progress  of  the  science  of  psychology  and  of 
many  of  its  technical  ajiplications  since  1918  has  been  phenom- 
enal.   Our  available  resources  of  personnel,  centers  for  research 

1  For  sources  of  informntion  concerning  Gorman  Military  Psydiology,  see  "Ger- 
man Psychological  Warfare:  A  Critical,  Annotated,  and  Coniprelicnsivc  Survey  and 
Bibliography,"  issued  by  the  Ck>mmittee  for  National  Morale,  New  York  City,  1941. 
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and  professional  training,  equipment  and  useful  techniques 
greatly  exceed  those  of  any  other  nation.  It  would  seem  that  in 
the  existing  stress  and  strain  we  should  by  all  means  and  innne- 
diately  conscript  our  invaluable  psychological  assets,  enter  with- 
out prejudice  or  qualms  into  the  fruitful  psychotechnological 
experience  of  the  Nazis,  taking  over  whatever  they  have  found 
irood  and  improving  on  it,  and  above  all  and  continuously,  con- 
centrate our  ingenuity  on  discovery  and  invention.  Thus  with 
sufficient  determination  and  good  fortune,  we  might  succeed  in 
compressing  the  worthwhile  progress  of  a  Nazi  decade  into 
a  year  of  American  effort. 

The  current  picture  may  be  sketched  boldly.  Psychologically 
we  are  ill  prepared  for  participation  in  world  conflict.  Much 
excellent  work  in  mental  engineering  is  in  progress  in  our  aca- 
demic institutions,  industrial  laboratories,  under  the  auspices 
of  the  National  Research  Council,  the  United  States  Employ- 
ment Service,  Civil  Aeronautics  Authority,  and  such  govern- 
mental departments  as  Agriculture,  Army,  and  Navy.  The  con- 
spicuous shortcoming  is  the  lack  of  a  comprehensive  plan  of 
organization  for  the  proper  relating  of  interests  and  the  achieve- 
ment of  common  objectives.  Work  is  relatively  uncoordinated, 
and  individualism  seems  to  be  outdoing  itself  and  in  many  direc- 
tions needlessly  delaying  progress.  Thus  far  as  a  people  we 
have  refused  to  face  honestlv  the  urgent  necessitv  for  selection 
of  personnel  on  o])jective  grounds  of  ability  and  (lualification. 
"We  give  support  grudgingly  to  the  principles  and  practices  of 
civil  service  and  to  our  varied  forms  of  merit  system.  This 
popular  attitude  markedly  affects  the  practices  and  progi-ess  of 
our  military  establishments.  Especially  ])rejudicial  to  the  ef- 
fective utilization  of  manpower  in  our  present  urgent  need  is  the 
failure,  to  the  date  of  writing,  of  the  army  and  navy  to  provide 
training  schools  for  military  psychologists  and  other  personnel 
specialists.  For  what  will  take  longest  and  ai  c  of  incomparable 
importance  so  far  as  efficiency  of  psychological  service  is  con- 
cerned are  the  wise  selection  and  thoroughgoing  training  of  an 
adequate  supply  of  specialists  in  military  mental  engineering. 
These  deficiencies  or  temporary  neglects  are  grounds  of  criticism 
but  not  excuse  for  pessimism,  for  if  we  choose  we  can  quickly 
transform  a  chaotic  situation  into  one  of  strength  and  symmetry. 

With  this  general  review  of  the  role  of  psychology  in  World 
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Wars  I  and  II,  I  shall  pass  to  discussion  of  the  relations  of  the 
science  and  its  teelmoloiiies  to  other  than  military  modes  of 
defense  of  human  life  and  its  quality.  The  theme  will  be :  Psy- 
cholo)n:y  as  profession.  We  of  the  New  World  persist  in  thinking 
of  warfare  as  an  outmoded  method  of  resolvinsi:  disagreements, 
which  will  inevitably  be  replaced  in  the  course  of  the  evolution 
of  civilization  and  with  progress  in  the  socialization  of  nations. 
It  is  because  of  this  assumption  and  faith  that  I  can  devote  the 
major  portion  of  this  address  to  the  consideration  of  emerging 
social  needs,  the  satisfaction  of  which  depends  chiefly  on  our 
understanding  of  human  behavior  and  experience  and  our  ability 
and  willingness  to  control  them.  Doubtless  at  this  juncture  we 
should  concern  ourselves  rather  with  the  improvement  of  man 
and  his  lot  than  with  attempts  to  preserve  any  particular  na- 
tional or  racial  group  or  culture.  For  a  world  shared  peaceably 
and  cooperatively  by  several  nations  or  ethnic  groups  w^ith  a 
connnon  culture  is  not  unimaginable,  although  it  now  seems  a 
remote  possibility. 

There  is  abundant  evidence  that  social  adjustment  has  failed 
to  keep  pace  with  material  progress,  and  that  mechanical  inven- 
tion, by  transforming  our  space-time  relations,  has  brought 
about  acute  social  maladjustments  and  thus  created  needs  for 
professional  services  which  are  not  available.  Even  those  who 
have  neither  the  will  nor  time  to  study  the  situation  realize  its 
gravity  and  admit  that  something  radical  must  be  done  if  social 
progress  is  to  be  continued  without  worldwide  destructive  revo- 
lution. 

In  our  gropings  for  assistance  we  have  looked  naturally 
enough  to  the  so-called  learned  professions.  Probably  the  vast 
majority  of  us  still  think  in  terms  of  three  great  professions: 

religion,  law,  medicine.  Yet  the  notion  is  archaic,  for  actually 
thirty  probably  would  come  nearer  the  mark  than  three,  and  in 
every  one  of  the  professional  callings,  as  contrasted  with  trades 
and  othei"  occupations  which  depend  primarily  upon  mechanical 
skills,  there  are  notably  learned  persons.  It  is  in  fact  difficult  to 
make  useful  distinction  nowadays  amoiiu'  the  terms  vocation," 
** occupation,*'  and  "profession."  The  latter  is  commonly  ac- 
cepted as  the  least  inclusive  of  all  and  especially  applicable  to 
those  callings  which  require  book-learning,  if  also  apprenticeship 
and  the  acquisition  of  skills.   Measurement  quite  likely  would  re- 
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veal  that  teachers  in  institutions  of  higher  learning  now  rank  in 
learning  well  al)ove  clerg>^inen,  lawyers,  and  physicians.  Prac- 
tically, which  occupation  ranks  first  matters  little,  but  it  is  of 
great  importance  that  the  increasing  extent  of  the  diffusion  of 
knowledge  and  the  social  significance  of  this  phenomenon  be  rec- 
ognized, and  that  we  steadily  increase  the  effectiveness  of  the 
utilization  of  this  incomparably  valuable  resource. 

The  range  of  professional  functions  and  of  social  needs  ex- 
tends from  the  reparative  or  restorative,  typical  of  medical 
services,  to  the  constructive  and  creative,  as  exemplified  by  the 
divisions  of  physical  engineering.  Between  the  human  needs 
which  are  partially  met  by  the  physician  and  those  which  the 
clergyman  or  priest  is  expected  to  satisfy,  there  appears  a  great 
gap.  Its  importance  has  been  accentuated  in  recent  decades  by 
the  modifications  of  life  necessitated  by  rapid  change  in  environ- 
mental relations.  Old  needs  have  been  intensified,  new  ones 
created,  and  a  large  part  of  them  are  unmet  by  existing  profes- 
sional developments.  In  many  instances  these  needs  are  ill- 
defined,  and  our  attempts  to  satisfy  them  are  little  more  than 
gropings  among  our  intellectual  furnishings.  It  is  entirely  clear 
that  the  old  professions  nmst  be  adaptively  modified  to  relate 
them  more  nearly  to  present-day  needs  and  that  new  professions, 
perhaps  in  considerable  number  and  variety,  nmst  be  recog- 
nized, or  as  necessary  created,  developed,  and  safeguai"ded  by 
educational  re(|uirements  and  appi'opriate  legal  certification  of 
their  practitioners.  Thus  only  can  they  be  given  suitable  social 
dignity  and  prestige. 

Under  the  pressure  of  demand  for  services  wliich  lack  a  rec- 
ognized professional  specialty,  both  physicians  and  clergymen 
have  tended  in  recent  decades  to  extend  their  human  ministra- 
tions into  areas  which  they  are  not  adequately  prepared  to  enter. 
Medicine,  for  example,  has  reached  into  normal  life  and  advised 
on  problems  of  behavioral  development  and  social  adjustment 
which  are  primarily  psychological  or  educational,  and  religion 
has  extended  from  the  realm  of  the  normal  into  that  of  the  ab- 
normal. Illustrative  instances  are  the  adventures  of  psychi- 
atrists in  the  application  of  psychoanalysis  to  individuals  who 
have  no  more  serious  ill  than  the  desire  to  be  analyzed  and  the 
means  to  pay  for  the  service ;  and  those  of  clergymen  who  officiate 
in  church  clinics  to  which  come,  in  addition  to  normal  persons  who 
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happen  to  have  spiritual  difficulties,  many  with  bodily  and  mental 
disturbances  and  diseases.  In  the  one  instance,  medicine  is  en- 
croachin,!!:  dangerously  on  clinical  psychology,  and  in  the  other, 
religion  is  venturing-  into  the  si)h('re  of  the  physician  or  of  the 
clinical  psychologist.  It  is  reasonable  to  maintain  that  unless 
medicine  is  prepared  to  include  psychology  among  its  basic  sci- 
ences and  religion  to  add  several  sciences  to  its  curriculum,  such 
extensions  of  sphere  of  service  are  likely  to  be  unprofitable  to 
the  individual  in  need  of  dependable  advice  and  to  society*  Pro- 
fessional competence  of  necessity  implies  knowledge,  special 
training,  and  experience  to  enable  the  practitioner  to  deal  skill- 
fully and  wisely  with  a  restricted  range  of  human  problems. 
The  physician  is  held  responsible  for  mistakes  or  malpractice 
due  to  ignorance,  carelessness,  or  dishonesty,  and  obviously  the 
lawyer,  clergyman,  educator,  or  other  professional  specialist 
should  similarlv  be  held  accountable  to  society. 

The  service  gap  which  has  been  noted  between  medicine  and 
religion  relates  primarily  to  jisychology  as  a  scientific  discipline 
because  the  conspicuous  needs  which  it  represents  have  to  do 
with  the  facilitation  and  intelligent  direction  of  the  development 
and  current  behavior-experience  of  the  normal  person.  In  this 
connection  it  would  seem  that  psychology  must  stand  as  a  basic 
science  for  such  universally  desirable  expert  services  as  the 
guidance  and  safeguarding  of  an  individuaPs  growth  and  de- 
velopment, education  and  occupational  choice,  social  adjust- 
ments, achievement  and  maintenance  of  balance,  poise,  and  effec- 
tiveness, contentment,  happiness,  and  usefulness.  There  is 
indeed  a  large  uncultivated  professional  area  which  should 
speedily  be  occupied  by  the  psychotechnologies  and  related  forms 
and  aspects  of  human  engineering. 

If  a  digi-ession  may  be  pardoned,  I  should  like  to  consider 
somewhat  further  the  matter  of  definitions.  It  happens  that 
**psyc]i()logv"  has  i)r()ved  a  troublesome  word;  in  many  quarters 
it  has  caused  considerable  annovance.  It  is  not  easv  to  under- 
stand  the  prejudices  against  the  term,  nor  to  see  why  it  should 
be  abandoned  for  other  modes  of  expression.  So  considerable 
was  the  oj^position  to  the  word  during  the  World  War  that  in 
the  United  States  Army  effort  was  made  to  avoid  its  use  by  sub- 
stituting the  word  ** personnel,''  and  for  the  technical  term  " in- 
telligence,*' the  word    alertness."   Similar  experience  in  Ger- 
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many  during  the  present  conflict  is  said  to  have  motivated  search 
for  substitute  words  or  phrases.  It  is  undenia])lo  that  the  terms 
** psychology,'*  ''psychiatry,"  and  "psychoanalysis"  are  fre- 
quently confused,  misused,  or  even  assumed  to  be  synonymous 
by  well-educated,  intelligent  persons.  On  the  lower  level  of  in- 
telligence and  information,  psychology  is  sometimes  confused 
with  such  special  and  diverse  interests  as  psychic  research, 
telepathy,  spiritualism,  Christian  Science.  Although  to  some  it 
may  appear  an  insult  to  intelligence  and  literacy,  I  venture  to 
present  the  generally  accepted  definitions  and  distinctions  which 
apply  to  psychology,  psychiatry,  and  psychoanalysis. 

•Psychology  is  a  basic  natural  science  which  is  concerned  with 
mental  processes  and  their  behavioral  expressions.  Previously 
I  have  briefly  defined  it  as  the  science  of  behavior-experience. 
In  my  opinion  it  is  one  of  the  most  important  general  divisions 
of  biology.  Psychiatry  is  not  a  basic  science,  but  instead  a 
medical  specialty  which  is  concerned  with  problems  of  mental 
defect,  disturbance,  and  disease.  Its  most  closely  related  areas 
of  science  are  known  as  neuropathology  and  psychopathology. 
In  view  of  these  widely  accepted  and  very  deiiuito  distinctions, 
it  seems  grotesque  that  the  terms  ''psychology"  and  "psychi- 
atry" should  ever  be  confused. 

As  for  psychoanalysis,  it  is  neither  a  division  of  l)iological 
science  nor  a  recognized  medical  s])ecialty,  but  instead,  at  one 
time,  a  method  of  discovering  and  ol)serving  behavior-experi- 
ences which  are  not  readilv  accessible  under  ordinarv  conditions 
of  self-observatif)n,  and,  again,  a  form  of  therapy.  As  a  sci- 
entific procedure  it  may  be  used  by  the  psychologist  or  physician 
as  a  research  tool,  and  by  the  y)syehiatrist  either  as  a  way  of 
studying  the  nature  of  a  patient's  behavior-experience  or  of 
treating  the  individual.  In  popular  usage,  the  word  "psycho- 
analysis" unfortunately  carries  a  l)urden  of  Freudian  assump- 
tions and  interpretations  which  logically  belong  in  psychology 
or  psychopathology.  As  a  matter  of  fact,  a  new  word  is  needed 
to  designate  Freudian  and  related  doctrines  and  systematiza- 
tions  of  fact  in  distinction  from  the  method  which  is  appropri- 
ately named  psychoanalysis.  It  would  indeed  be  a  blessing 
without  disguise  if  what  is  valuable  in  these  psychoanalytic  ac- 
cumulations might  be  assimilated  by  psychopathology  and  psy- 
chiatry, leaving  psychoanalytic  method  to  be  used,  like  other 
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legitimate  introspective  procedures,  for  scientific  or  therapeutic 
purposes,  but  always  and  only  by  trustworthy  and  competent 
persons. 

The  existing  learned  professions  meet  but  a  fraction  of  the 
human  needs  of  which  we  are  now  aware.  From  the  sciences  of 
physics  and  chemistry  there  have  developed  branches  of  engi- 
neering which  enable  us  to  control  and  use  effectively  many 
features  of  our  physical  environment.  From  certain  of  the  bi- 
ological sciences  have  sprang  such  services  of  healing,  repair, 
and  protection  as  are  made  possible  by  the  professions  of  medi- 
cine, surgery,  hygiene,  sanitary  engineering.  But  from  psycho- 
biology,  psychology,  and  the  social  sciences,  corresponding  de- 
velopments within  the  sphere  of  human  engineering,  and  planned 
to  meet  the  needs  of  the  normal  healthy  person,  exist  rather  in 
promise  or  incipiency  than  in  fulfillment. 

It  should  aid  us  in  visualizing  the  possibilities  of  expert  as- 
sistance in  living  normally  to  list  a  few  of  the  emerging  psycho- 
logical and  social  services  which  in  the  future  may  rank  as  pro- 
fessional callings.  They  represent  a  group  or  constellation  of 
service  developments  for  which  we  have  no  other  term  than 
psychotechnologies.  In  the  future  the  enlightened  individual, 
with  lively  self-interest  and  social-mindedness,  may  desire  the 
availability  of  such  special  guidance  in  normal  development  and 
adjustment.  He  may  even  employ  a  consultant  and  adviser  in 
psychological  and  social  matters  who  in  deference  and  esteem 
may  take  his  place  beside  the  familv  physician. 

This  is  what  one  might  wish  to  happen  by  way  of  guidance 
in  self-realization  and  social  usefulness.  Thoroughgoing  ex- 
amination within  the  first  three  years  of  life  by  a  psychologically 
trained  specialist  in  child  development,  followed  by  appropriate 
report  and  advice  concerning  care  and  training.  Comprehen- 
sive psychobiological  examination  and  individual  appraisal  at 
about  ton  years  of  age  by  an  experienced  clinical  and  educational 
psychologist  whose  report  and  prognosis  relative  to  develop- 
mental i)otontialities  and  educational  needs  might  be  used  as 
basis  for  tentative  judgment  as  to  wliether  the  individual  should 
expect  to  make  his  living  by  brawn  or  brain-power. 

Assuming  capacity  for  highschool  training,  there  should  be 
available  in  the  last  year  the  services  of  an  educational  counselor, 
whose  objective  study  should  supply  data  for  final  recommenda- 
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Hon  and  decision  between  leaving  school  for  a  trade  or  other 
occupation  or  continuing  educational  training  toward  some 
learned  profession.  In  the  latter  case,  advice  shonld  cover  also 
vocational  possibilities  and  a  desirable  college  course. 

Sometime  during  the  last  two  years  of  work  in  college,  the 
subject  should  be  carefully  studied  by  a  vocational  counselor, 
who  in  the  light  of  previously  accumulated  information  and  his 
immediate  findings  should  offer  further  vocational  prognosis 
and  safeguard  final  choice  of  vocation,  since  this  might  prove  the 
most  important  decision  of  the  individual's  life.  If  thereafter 
some  professional  school,  such  as  medicine,  engineering,  psy- 
chology, education,  were  entered,  there  should  be  available  an 
experienced  educational  psychologist  to  advise  concerning  and 
direct  the  course  of  training  and  the  process  of  self-development. 

Still  farther  along,  w^hen  marriage  became  a  question  and 
possibility,  a  specialist  in  marriage  consulting  should  be  sought, 
with  confidence  that  he  would  bring  to  l)ear  on  the  problems  at 
issue  knowledge  of  the  characteristics  of  the  prospective  mates 
and  pertinent  facts  of  eugenics,  genetics,  social  psychology,  and 
sociology,  and  from  such  information  and  his  wdsdom  offer  prog- 
nosis and  advice  which  would  enable  the  individuals  to  reach 
an  intelligent,  socially  minded  decision. 

It  has  of  course  been  assumed  in  connection  with  this  list  of 
desirable,  although  still  novel,  professional  services  that  it  was 
the  good  fortune  of  the  subject  not  to  require  the  services  of  a 
child  psychiatrist  because  of  congenital  or  accidental  mental 
defects  or  disturbances,  or  later  in  life  of  a  neuropsychiatrist  or 
a  clinical  psychologist  to  deal  with  mental  disease  or  social 
maladjustment.  This  prayer  offered  as  an  individual  expres- 
sion of  desire  for  the  availability  of  professional  services  over 
and  above  those  which  customarily  are  provided  by  physician, 
lawyer,  or  clergyman  rests  also  on  the  assumption  that  the  or- 
ganic stuff  of  the  individual  promised  reasonably  normal  and 
w^orthwhile  existence.  If  instead,  in  the  judgment  of  those  pro- 
fessionally competent  i)ersons  with  whom  the  social  responsi- 
bility of  decision  and  action  should  rest,  his  being  held  no 
promise  of  complete,  serviceable  biological  development,  self- 
supporting  independence,  and  usefulness,  it  would  seem  socially 
defensible  that  his  life  should  be  ended  gently,  without  vain 
regrets  or  social  waste. 
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If  called  before  a  court  of  my  peers  to  defend  the  social  prac- 
tice here  suggested,  I  should  say  simply  that  we  of  this  country 
and  culture  have  destroyed  or  impaired  the  effectiveness  of  most 
of  the  naturally  operative  factors  and  agencies  for  the  elimina- 
tion of  the  biologically  unfit;  that  we  haye  lacked  the  courage, 
wisdom,  and  resourcefulness  to  devise  and  put  into  effective 
operation  socially  controlled  substitute  procedures  to  safeguard 
human  quality ;  and  that  in  consequence  of  these  social  neglects 
we  are  steadily  becoming  less  fit  for  survival  and,  incidentally, 
through  the  institutionalizing  of  those  who  are  physically  or 
mentally  defective,  insane,  criminalistic,  or  for  other  reasons 
wholly  incompetent  and  dependent,  we  have  accumulated  a  de- 
gree of  social  responsibility  and  an  economic  burden  which 
drastically  limit  opportunity  for  constructive  endeavor.  It  is 
reasonable  to  maintain  that  our  resources  might  be  much  more 
wisely  used  in  the  enhancement  of  normjil  life  than  in  jirotecting 
and  iDrolonging  individual  hel])lossness  and  misery.  So  far  as  I 
have  been  able  to  discover,  oui-  unwisdom  in  this  matter  is  at- 
tributable entirely  to  sentimentality  and  a  false  conception  of 
humaneness. 

Granted  the  need  of  new  services  in  the  nature  of  human  en- 
gineering to  improve  life,  and  of  a  profession  which  shall  be  to 
the  normal  man  what  medicine  is  to  the  abnormal  or  otherwise 
afflicted,  what  should  we  do  al)out  it!  The  proposal  which  fol- 
lows is  the  chief  excuse  for  this  address.  It  is,  briefly,  that  psy- 
chology be  recognized  as  science  and  profession  basic  to  the 
development  of  all  branches  of  mental  engineering;  that  pro- 
fessional schools  of  psychology,  after  the  model  of  the  best  in 
medicine  and  physical  engineering,  be  established;  that  the 
standards  of  admission  be  high  and  selection  on  the  basis  of 
ability  rigorous;  that  four  years'  intensive  work  be  required, 
of  which  those  who  hope  to  become  practicing  psychotechnolo- 
gists  shall  devote  two  to  basic  science  studies  and  the  remainder 
to  technological  training  which  would  correspond  to  the  clinical 
years  of  a  medical  course;  that  graduates  of  such  schools  be 
awarded  the  professionally  distinguishing  degree  of  Doctor  of 
Psychology,  or  some  more  appropriate  designation ;  and,  finally, 
that  any  graduates  who  may  wish  to  practice  a  psychological 
specialty  be  permitted  to  do  so  only  when  licensed  under  appro- 
priate federal  and  state  laws. 
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In  making-  this  novel  proposal  for  the  constructive  as  con- 
trasted with  the  military  defense  of  man  and  his  cultural  achieve- 
ments and  strivings,  I  am  looking  beyond  the  present  world 
conflagration  to  a  period  of  reconstruction  during  which  innova- 
tions are  likely  to  be  the  unescapable  order  of  the  day  and  the 
fashioning  of  a  new  civilization  a  necessity.  To  say  that  I  am 
speaking  inopportunely  or  hopelessly  in  advance  of  the  develop- 
ment  of  psychology  as  science  and  of  popular  realization  of 
needs  and  opportunities  for  service  may  be  the  truth,  but  I  offer 
in  reply  as  battle  cry  of  progress  the  old  slogan,  Nothing  ven- 
tured, nothing  gained.'*  For  it  is  my  conviction  that  unless  we 
can  promptly  make  up  our  minds  to  risk  all  in  determined  efforts 
to  reshape  our  social,  economic,  psychologic  world  order,  we 
possibly  shall  lose  all.  I  have  eiidcavorod  to  make  a  recom- 
mendation, which,  if  wisely  instrumented,  might  inuneasui-ably 
increase  the  values  of  individual  life,  foster  social-mindedness, 
and  improve  and  stabilize  social  organization. 

In  the  picture  which  has  been  drawn,  psychology,  as  a  major 
division  of  human  biology,  with  varied  potentialities  of  ap])lica- 
tion  to  human  life,  stands  as  complement  beside  the  great  ])rofes- 
sion  of  medicine.  Each  from  the  point  of  view  which  I  have 
taken  should  meet  a  wide  range  of  urgent  human  needs;  each 
should  provide  with  increasing  adequacy  for  several  special 
forms  of  human  engineering.  Aledicine's  preoccupation  has 
been,  and  might  well  continue  to  be,  with  the  abnormal  and  patho- 
logical manifestations  or  vicissitudes  of  life  and  with  scien- 
tifically based  and  intelligently  directed  efforts  to  make  and  keep 
the  individual  whole  and  sound;  whereas  psychology  naturally 
would  and  should  be  occupied  with  the  normal  or  typical  per- 
sonality, with  questions  of  individual  development,  educational 
or  other  forms  of  training,  vocational  choice  and  activities,  social 
behavior  and  adjustments,  personal  competence,  contentment, 
and  happiness.  The  potential  values  of  increasingly  intelligent 
attention  to  problems  of  normality,  effectiveness,  and  fitness, 
versus  those  of  defect,  disease,  and  unfitness,  must  be  obvious 
to  every  intelligent,  open-minded  pei-son. 

We  of  this  civilization  have  reached  a  stage  in  structural  and 
cultural  evolution  which  renders  it  unnecessary  that  attention 
and  effort  be  concentrated  on  negative  measures  of  defense  in 
order  that  the  species  may  be  preserved  and  perpetuated.  Hav- 
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iiig  escaped  this  primitive  necessity,  the  opportunity  is  ours  to 
think  constructively  and  to  further  self-realization,  self-develop- 
ment, and  social  endeavor  by  providing  to  the  utmost  for  in- 
crease of  knowledge  and  enlightenment  and  the  development  and 
utilization  of  professional  services.  Psychology,  I  liave  main- 
tained, should  be  concerned  as  a  profession  primarily  with  the 
improvement  of  human  nature  and  the  enhancement  of  indi- 
vidual and  social  human  values.  That  it  is  crude  or  in  its  in- 
fancy has  no  bearing  on  its  ultimate  and  potential  usefulness  or 
the  possibility  and  desirability  of  developing  it  rapidly  both  as 
fundamental  science  and  as  technology.  It  is  my  prophecy  that 
eventually  the  general  area  of  knowledge  which  has  become  the 
main  topic  of  this  address — and  it  matters  little  whether  we 
designate  it  by  the  word  "psychology"  or  otherwise — will  take 
its  place  as  one  of  the  most  important  fields  of  scientific  inquiry 
and  learned  professions. 
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EDWARD  CHACE  TOLMAN 
Professor  of  Psychology,  University  of  California 

{Penrose  Lecture,  April  gS,  1941,  in  Sympoeiwn  on  Becent  Advances  in  Psychology) 

As  you  all  know,  Jung  divides  us  into  the  extraverts  and  the 
introverts  or,  to  use  a  pair  of  terms  suggested  earlier  by  Lowes 
Dickinson,  into  the  redbloods  and  the  mollycoddles.  An  extra- 
vert,  or  redblood,  is  one  who  orients  outwards.  He  is  directly 
responsive  to  external  stimuli.  He  sees  the  world  as  it  is.  An 
introvert  or  mollycoddle,  on  the  other  hand,  is  one, who  orients 
inwards.  He  is  responsive  to  external  stimuli  only  in  so  far  as 
they  fit  into  his  own  preoceiijiations.  He  sees  the  world  colored 
— and  by  his  own  personal  biases.  And  I  am  an  introvert. 
Hence  when  the  invitation  to  ,uive  this  lecture  suggested  that  I 
present  a  sununary  of  some  recent  movement  in  psychology,  I 
was  troubled.  For  only  an  extravert  or  re(il)lood  could  do  that. 
Only  an  extravert  or  redblood  could  honestly  and  objectively 
summarize  any  of  the  current  advances  in  jisychology — even  in 
rat  psychology.  It  seemed  to  me,  therefore,  that  either  I  must 
refuse  the  invitation  altogether  or  else  I  must  ignore  my  con- 
science and,  while  pretending  to  give  an  objective  unbiased  ac- 
count of  some  recent  concepts,  really  utilize  this  occasion  to  put 
across  some  of  my  own  distorted  evaluations  of  those  concepts. 
It  is  this  latter  course  which  I  decided  upon. 

The  words  motivation,'*  ** learning*'  and  adjustment" 
were  chosen  for  the  title  because  it  was  hoped  that  their  general 
connotations  are  such  as  to  suggest,  even  to  the  non-specialist 
in  psychology,  the  general  field  about  which  I  want  to  talk.  It 
is  the  field  which  concerns  itself  with  the  problems  of  individual 
adjustment — the  field  with  which  the  })sych()analysists  and  the 
other  clinical  jjsychologists  have  all  been  concerned.  It  asks 
the  question:  "Why  on  a  particular  occasion  a  given  individual 
wants  what  he  wants?"  AVhat  are  the  laws  which  determine  his 
wants ;  and  how  can  these  wants  be  made  more  appropriate  than 
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they  so  often  tend  to  bet  In  attempting  the  answers,  we  shall 
find  it  helpful  to  consider  successively  four  sets  of  concepts, 
namely:  (1)  drives;  (2)  values  and  valences;  (3)  beliefs,  and  (4) 
frustration  mechanisms. 

1.  Drives 

Man  is  to  be  credited,  I  believe,  with  a  relatively  long  list  of 
innate  drives.  These  are  to  be  subdivided,  first,  into:  (A)  the 
biological  drives;  and  (B)  the  social  drives.  And  the  former 
are  then  to  be  further  subdivided  into :  (i)  the  appetites  and  (ii) 
the  aversions, 

(A)  The  Biological  Drives 

(i)  Consider,  first,  the  appetites,  Man  has  quite  a  lot  of 
them.   I  suggest  the  following : 

The  Appetites 

A  maternal  (or  suckling  of  the  young)  drive 

A  nest-building  drive 

Thirst 

Hunger 

Sex 

A  general  activity  drive 

An  exploratory  drive 

A  rest  or  sleep  drive 

A  urination  and  defecation  (in  specific 

type  of  locale)  drive 
A  play  drive 
An  aesthetic  drive 

Practically  all  of  these  can  be  observed  in  chimpanzees  as 
well  as  in  men.  And  many  of  them  have  in  fact  been  located 
and  studied,  to  advantage,  in  even  so  lowly  an  organism  as  the 
white  rat.  The  identifying  feature  of  each  of  these  appetites 
seems  to  be  a  specific  and  characteristic  consummatory  response 
— e.g.y  suckling,  hiding  in  nest,  drinking,  copulating,  exercising, 
exploring,  lying  down  and  sleeping,  urinating  or  defecating  in 
a  given  spot,  playing,  engaging  in  sensory  activity  for  its  own 
sake.  Sncli  a  coHsiiiiiniatory  response  ends  ultimately  in  a  final 
state  of  internal  satiation,  whereupon  the  appetite  subsides. 
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Further,  the  strength  of  any  such  appetite,  at  any  given  time, 
will  be  measured  either  in  terms  of  the  intensity  of  the  consuni- 
matory  response  itself  or  in  terms  of  that  of  a  preparatory" 
response  which  tends  to  get  the  individual  on  towards  the  pres- 
ence of  the  necessary  consmnmatory  object. 

Let  me  present  briefly  some  of  the  experiments  on  white  rats. 
The  Maternal  Drive. — recently  parturient  female  when  re- 
moved from  her  nest  will  (as  demonstrated  by  Warden  and  his 
co-workers  at  Columbia)  cross  an  electric  grill  many  times  in 
succession  to  get  back  to  her  nest  and  young.  And  the  number 
of  such  crossings  which  she  will  make  in  twenty  minutes  can  be 
taken  as  a  direct  measure  of  the  strength  of  her  maternal  drive 
under  the  given  conditions.  And,  again,  Wiesner  and  Sheard 
in  Edinburgh  have  shown  that,  if  the  young  be  removed  from 
the  nest  and  dropped  into  the  cage  at  some  distance  away,  the 
mother  will  be  ready  to  retrieve  them  and  carry  them  back  to 
the  nest  many  times  over.  And  it  was  found  that  the  number  of 
such  retrievings  which  she  could  be  induced  to  carry  out,  could 
also  be  taken  as  a  direct  measure  of  the  strength  of  the  maternal 
drive  at  the  given  time. 

The  tiest-huUdmp  drive.  A  just  pre-parturient  or  post-par- 
turient female  (or  any  rat — male  or  female — kept  at  a  low  tem- 
perature) will  build  a  nest  from  paper  strips,  if  given  an  oppor- 
tunity. When  the  nest  is  done  the  animal  hides  in  it.  And 
Kinder,  working  in  Stone's  laboratory  at  Stanford,  has  shown 
that  the  number  of  such  strips  which  the  animal  will  use  for 
building  its  nest  will  vary  with  the  temperature,  the  nearness  of 
delivery  of  young,  and  the  like. 

Thirst,  hunger  and  sex,  like  the  maternal  drive,  have  been 
measured  mostly  by  numbers  of  crossings  in  twenty  minutes  of 
the  electric  grill  wMch  will  be  undertaken  by  the  animal  to  reach 
the  appropriate  goal-object. 

The  general  activity  drive  has  been  measured  by  an  activity 
wheel,  similar  to  that  attached  to  a  commercial  squirrel  cage. 
The  animal  lives  in  this  wheel.  The  numbers  of  revolutions 
which  it  will  make  in  a  given  time-interval  are  found  to  vary 
with:  time  of  day,  time  of  feeding,  sex,  age,  and  the  like.  Young 
rats  are  far  more  active  than  old.  Mature  feuuiles  have  a  pro- 
nounced four-day  activity  cycle  (corresponding  to  their  four-day 
oestrus  cycle),  and  so  on. 
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Tlio  (/('Hrral  vjiploidtorij  drive  has  bocii  measured  by  num- 
bers of  crossings  of  the  electric  f»rill  whicii  the  rat  will  make  in 
order  to  reach  a  small  complicated  maze,  especially  designed  by 
Dashiell  to  encourage  exploration;  It  is  found  that  a  rat  will 
cross  the  grill  to  reach  such  a  to-be-explored  maze  slightly  more 
frequently  than  he  will  cross  it  to  reach  a  simple  empty  box. 

The  rest  and  sleep  drive  and  the  urination  and  defecation 
drive  have  not  as  yet  been  subjected  to  controlled  investigation. 

The  play  and  the  (esthetic  drives.  The  beginnings  of  these 
drives,  as  we  know  them  in  man,  are  probably  not  to  be  found 
in  the  rat,  but  they  certainly  are  to  be  found  in  the  chimpanzee. 

Ki3hler  in  describing  the  animals  observed  by  him  at  the  ex- 
perimental station  on  the  Island  of  Tenerife  in  1913-1917  cites 
various  examples.  I  quote  a  couple  of  his  descriptions.  The 
first  has  to  do  with  a  primitive  sort  of  dance.    He  writes : 

The  whole  group  of  chimpanzees  sometimes  combined  in  .  .  .  ela- 
borate and  semi-rhytliniio  mofion-patfcrns.  For  instance,  two  would 
wi'cstic  and  tumble  about  near  some  post;  their  movements  would  be- 
come re<rular  and  tend  to  describe  a  circle  round  the  post.  .  .  .  One 
after  anotlier,  the  rest  of  the  group  approach,  join  the  two,  and  finally 
they  march  in  an  orderly  fashion  and  in  single  file  round  and  round  the 
post.  Their  movements  become  animated;  they  no  longer  walk,  they 
trot,  and  as  a  rule  with  special  emphasis  on  one  foot,  while  the  other 
steps  lightly ;  thus  a  rough  approximate  rhythm  develops  and  they  tend 
"to  keep  time"  with  one  another.  They  wag  their  heads  in  time  to  the 
steps  of  their  "dance"  and  appear  full  of  eager  enjoyment  of  their 
primitive  game.^ 

Or,  again,  he  describes  a  case  of  primitive  painting : 

Once,  when  lumps  of  white  clay  were  brought  to  the  playground, 
the  animals  suddenly  began  to  paint,  without  any  stimulation,  and 
whenever  afterwards  they  again  got  clay,  the  same  game  would  begin. 
At  first  .  .  .  (they)  licked  the  unknown  stuff;  ....  The  result  being 
unsatisfactory  . . .  they  wiped  their  protruding  lips  on  the  nearest  object 
they  could  find,  and,  of  course,  made  it  white.  But,  after  a  while,  the 
painting  of  beams,  iron  bars,  and  walls  grew  to  be  quite  a  game  of  its 
own ;  the  animals  would  seize  the  clny  with  their  lips,  sometimes  crush 
it  into  paste  in  their  mouths,  moistening  it,  and  would  then  apply  the 
mixture,  make  fresli  paint,  and  daub  again,  and  so  on.  The  point  is  the 
painiing,  not  the  chewing  of  the  day;  for  the  painter  himself,  and  the 
rest  of  them,  when  not  too  much  occupied  with  their  own  affairs,  are 
most  interested  in  the  result.* 

1  W.  Koliler,  The  Mentality  of  Apes.    N.  Y.:  Harcourt,  Brace  and  Company, 
1927,  p.  314f. 

2  Op.  eit.f  p.  96f . 
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These  two  quotations  present  examples  of  something  which 
inight  be  called  either  play  or  the  aBsthetic  impulse.  In  fact, 
tliese  two  drives  would  seem  to  be  very  closely  allied  and  for 
llxe  purposes  of  the  present  discussion  we  shall  not  try  now  to 
distinguish  further  between  them. 

To  sum  up  for  all  the  appetites,  it  would  appear  that  each 
is  set  in  motion  by  some  peculiar  internal  metabolic  condition 
(  state  of  the  breasts,  hunger,  thirst,  sex,  need  for  exercise,  and 
ttie  like).    This  metabolic  condition  occurs  in  apparently  more 
or  less  regular  cvelos  due  to  eoiiibinations  of  internal  and  ex- 
tornal  conditions.    And  when  it  is  in  force  the  animal  is  driven 
until  an  appropriate  consunmiatory  object  is  found  in  the  pres- 
ence of  which  latter  a  corresponding  consummatory  response 
occurs.    This  consummatory  response  then  relieves  the  internal 
metabolic  condition  and  produces,  at  least  temporarily,  a  final 
complementary  state  of  internal  satiation. 

(ii)  Consider,  now,  the  aversions.  They  have  not  been  sub- 
jected to  any  precise  experimentation.  I  shall  suggest  the  fol- 
lowing list  for  human  beings : 

The  Aversions 

Cold-avoidance 

Heat-avoidance 

Danger-avoidance  {i.e.y  Fright) 
Obstruction-avoidance 
(Le.f  Aggression) 

Each  of  these  aversions  is  set  off,  not  by  an  internal  meta- 
bolic condition  (as  is  an  appetite),  but  by  an  evoking  environ- 
mental object  (or  situation),  t.e.,  cold,  heat,  danger,  or  obstruc- 
tion. Further,  whereas  an  appetite  was  seen  to  be  primarily  a 
getting4o  a  final  internal  state  of  ''satiation/'  each  of  these 
aversions  is,  rather,  a  getting-from  an  internal  state  of  **  suffer- 
ance.*' For  cold,  heat,  danger,  obstruction  tend  to  produce 
internal  sufferances.  And  it  is  such  internal  sufferances  which 
are  the  terminal  situations  ultimately  being  got  from  in  each 
case. 

This  is  about  all  we  can  now  say  about  the  aversions.  Ob- 
viously a  lot  more  work  has  to  be  done  on  them. 
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(B)  The  Social  Drives 

Turn  to  the  social  drives.  It  is  primarily  because  of  KoMer 's 
early  observations  made  at  Tenerife  and  because  of  the  long 
series  of  more  recent  and  more  experimentally  controlled  stud- 
ies carried  out  at  Yale  under  Yerkes'  direction  that  one  is  driven 

to  believe  that  there  really  is  a  set  of  innate  social  drives  in  the 

c'liimpaiizees  and  hence,  presumably,  in  man  also.  As  a  very 
tentative  list  of  such  social  drives  I  w  ould  suggest  the  i'olluwing: 

Social  Drives 

Gregariousness    i,e,,  Returning  to  company  of  others  of  the 

group 

Loyalty  to  group  i,e,,  Defending  other  members  of  the  group 

against  attack 

Imitativeness      t.e.,  Copying  actions  performed  by  other  mem- 
bers of  group 

Dominance         i.e,,  Dominating  over  another  individual 

Submission         Le.,  Submitting  to  another 

Competitive  ac-   t.e..  Piling  up  material  for  the  future — such 

quisition  activity  being  enhanced  by  the  presence 

of  other  individuals 
Sharing  with  and  i.e,,  Giving  to  another  individual.  Receiving 

soliciting  from  another  individual 

from  others 

Cooperation-        i.e.,  Working  with  another  individual  for  a 
tendencies  common  goal 

This  list  is  not  to  be  taken  too  seriously.  As  it  stands,  it 
corresponds  more  to  a  mere  concrete  series  of  observations  and 
experiments,  which  happen  to  have  been  carried  out  thus  far, 
than  to  any  final,  and  careful,  analysis  of  exact  interrelation- 
ships. Further,  this  does  not  permit  the  citation  of  much  of 
the  actual  work  which  has  been  done.  I  shall  limit  myself  to 
two  accounts:  a  description  of  ** Loyalty  to  the  Group"  pre- 
sented by  Kohler  and  an  investigation  of  '^Sharing  with  others*' 
carried  out  by  Nissen  and  Crawford  at  Yale. 

Flvsi  for  Loyalty  to  the  Group,  Kohler  writes: 

If  one  chimpanzee  is  attacked  before  tlie  eyes  of  the  prronp,  prreat 
exeitemeiit  jroes  tliroiiiLrli  tlie  wliolc  <rr<tup.  It  will  l)ai)i)Pii  tiiat,  under 
the  intiueuee  of  the  climate,  one  punishes  a  wrongdoer  with  a  heavy 
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blow.  Tlie  moment  one's  hand  falls  on  him,  the  whole  group  sets  up 
a  howl,  as  if  with  one  voice.  .  .  . 

When  the  apes  have  grown  much  older  .  .  .  and  especially  after 
they  have  arrived  at  sex  maturity,  I  find  the  drive  of  the  group  to 
repulse  an  assault  on  one  of  its  members  grown  inoidinately  stronjjer. 
In  the  end,  one  has  to  give  up  punishing  even  bad  offcnsps,  when  the 
whole  jrroup  is  in  the  same  room  as  the  wrongdoer.  At  times  the  most 
insip-nifit-ant  episode  between  man  and  an  ape,  wliieh  arouses  tlie  ape  to 
cry  in  anger  against  tlie  enemy  and  spring  against  liim,  is  suflfieient  for 
a  wave  of  fury  to  go  through  the  troop;  from  all  sides  they  hurry  to  a 
joint  attack.  In  the  sudden  transfer  of  the  cry  of  fury  to  iU.  the 
animals,  whereby  they  seem  to  incite  one  another  to  ever  more  violent 
raving,  there  is  a  demonic  strength,  coming,  surely,  from  the  very  roots 
of  the  organism.  It  is  strange  how  convincing,  one  might  say  full  of 
moral  indignation,  this  howling  of  the  attacking  sounds  to  the  ear  of 
man : ' 

Now  for  the  investigation  of  Sharing  with  others"  made  by 
Nissen  and  Crawford.  Pairs  of  animals  were  put  together  in 
adjacent  cages.  One  animal  in  each  pair  was  given  food  or 
food-tokens  in  the  nature  of  poker  chips  (which  the  animals  had 
learned  previously  to  use  in  penny-in-the-slot  food-vending 
machines).  And  observations  were  made  of  the  readiness  of 
the  one  animal  which  received  the  food  (or  the  mere  token)  to 
share  with  the  other  animal.  The  results  were  of  the  sort 
indicated  by  such  titles  of  photographs  as  the  following : 

"Bula  begs  food  unsuccessfully" 

*'Birnba  gives  Bula  token" 

**Bula  shows  interest  in  onion  but  does  not 

attempt  to  take  away*' 
**Bimba  teasing  Bula" 
**Bula  passes  a  token" 
**Bimba  gives  Bula  tokens" 

Finally,  to  quote  from  a  sunnnary  by  the  authors ; 

It  appears  that  foud-sharing  as  we  have  seen  it  among  chimpanzees, 

when  compared  with  otlier  forms  of  mutual  aid  or  social  service  fonnd 
in  animals,  is  relatively  variable,  non-compulsive  in  character,  adapta- 
ble to  varying  conditions,  not  strictly  cireuniscribed  by  physiological  or 
external  factors  but  influenced  strongly  by  previously  established  social 
relationships.* 

3  W.  Kohler,  The  Mentality  of  Apes.  N.  Y.:  Harcourt,  Brace  and  Company, 
1927,  p.  286f. 

*H.  W.  Nissen  and  M.  P.  Crawford,  A  j.rf  limiuary  study  of  food-sharing  behavior 
in  young  chimpanzees.       Comp.  Psychol.,  1936,  22,  p.  415. 
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This  completes  my  very  inadequate  account  of  all  three  kinds 
of  drives — the  simple  appetites,  the  simple  aversions,  and  the 
social  drives. 

Appetites  are  to  be  defined  as  gettings-to  internal  satiations, 
aversions  as  gettings-from  internal  sufferances.  And  social 
drives  I  would  define  as  both  gettings-from  sufferances  and 
gettings-to  complementary  satiations — for  example,  getting 
from  the  sufferance  produced  by  the  begging  of  a  partner  and 
getting  to  the  satiation  produced  by  the  resulting  contentment 
of  that  partner. 

We  are  now  ready  to  turn  to  our  second  main  concept,  that 
of  values  and  valences. 

2.  Values  and  Valences 

When  any  one  of  the  three  types  of  drive  is  in  force,  we  may 
assume  a  state  of  internal  tension.  In  the  case  of  an  appetite, 
this  internal  tension  drives  the  organism  until  an  appropriate 
environmental  consummatory  object  is  reached,  whereupon  a 
consummatory  response  follows,  a  state  of  satiation  results,  and 
the  tension  subsides.  In  the  case  of  an  aversion,  the  tension 
drives  the  organism  until  an  environmental  evoking  object  and 
a  thereby  threatened  state  of  sufferance  are  both  got  from, 
whereupon  the  tension  subsides.  In  the  case  of  a  social  drive, 
the  tension  drives  the  individual  until  an  environmental  evoking 
situation  (and  its  accompanying  sufferance)  are  got  from  and  a 
complementary  environmental  consummatory  situation  (and  its 
accompanying  satiation)  are  got  to,  whereupon,  again,  the  ten- 
sion subsides. 

The  point,  I  would  now^  make,  is  that  any  one  of  these  driving 
tensions,  while  it  is  in  force,  is  to  be  said  to  endow  the  environ- 
mental consummatory  or  evoking  situations  with  value — con- 
summatory situations  w  ith  positive  value  and  evoking  situations 
with  negative  value.  But  such  positive  and  negative  values, 
thus  inhering  in  environmental  consummatory  and  evoking  situ- 
ations, are  instrumental  only.  Final,  intrinsic,  values  inhere 
nowhere  but  in  the  internal  states  of  satiation  and  of  sufferance. 
In  the  case  of  hunger,  final  intrinsic  positive  value  inheres  only 
in  the  final  state  of  hunger-satiation.  In  the  case  of  cold- 
avoidance,  intrinsic  negative  value  inheres  only  in  the  state  of 
internal  sufferance  which  would  result  from  the  external  cold- 
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And  ill  tlie  case  of  ",<j;roup  loyalty"  intrinsic  negative  value  in- 
heres only  in  the  internal  sulTerance  which  accoiiij)anies  not 
fighting  for  one's  group  and  intrinsic  positive  value  inheres  only 
in  the  internal  satiation  which  accompanies  lighting  for  one's 
group. 

Instrumental  values,  however,  are  attached  not  only  to  the 
final  environmental  consummatory  and  evoking  situations  but 
also  to  ordinarily  neutral  environmental  objects  (or  situations) 
in  so  far  as  these  latter  came  to  serve  as  consistent  menm  or 
hindrances  towards  the  consummatory,  situations  or  away  from 
the  evoking  situations.  For  example,  a  restaurant  has  instru- 
mental positive  value  because  it  is  a  means  for  getting  to  food. 
And  poverty  has  instrumental  negative  value  because  it  is  a 
hindrance  both  in  getting  to  food  and  in  getting  away  from  cold 
and  from  a  lot  of  other  sufferances  besides. 

To  sum  up,  then,  it  is  the  internal  states  of  satiation  and  suf- 
ferance which  alone  are  endowed  with  intrinsic  values.  En- 
vironmental objects  and  situations,  whether  terminal  {i.e.,  con- 
summatory or  evoking)  or  merely  means  and  hindrances,  are 
endowed  with  mere  ins!  rumeiital  values. 

But  it  now  appears  that  we  also  need  a  second  concept  in 
addition  to  that  of  value  and  I  shall  use  the  term  "valence"  for 
this  further  concei)t.  The  term,  valence,"  is  tlie  1  i-aiislation 
which  has  been  suggested  for  I^'win's  original  German  term 
" Aufforyhninosrharaktcr."  The  literal  meaning  of  the  latter 
is  "invitation-character."  And  this  concept  of  "invitation- 
character"  or  "valence,"  we  shall  now  find  helpful  to  refer  to 
values,  not  as  they  actually  are,  but  as  they  are  for  the  given 
individual  in  question.  The  "values"  are  what  they  really  are, 
as  seen  by  us  the  omniscient  observers.  Tlie  "valences,"  on  the 
other  hand,  are  those  values  which  the  given  individual  himself 
responds  to.  An  individual's  valences  will  tend  only  in  part  to 
correspond  to  what  we  know  to  be  the  true*  values.  For  ex- 
ample, a  given  food  may  be  known  by  us,  the  omniscient  obser- 
vers, to  have  decided  positive  value  for  a  given  hungry  indi- 
vidual. But  to  him  (as  we  can  tell  from  his  behavior)  it  may 
have  practically  no  positive  valence.  He  ** ought'*  to  be  at- 
tracted by  it,  but  he  isn't.  Or,  again,  a  given  building  distant 
on  the  highway  because  it  contains  a  restaurant,  will  be  said  by 
us  to  have  considerable  positive  value  for  a  hungry  autoist. 
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But  to  this  autoist  himself,  it  may  have  practically  no  positive 
valence.  He  may  never  have  seen  the  building  before  and  hence 
not  "believe"  that  it  contains  a  restaurant. 

If  we  attempt  now,  very  briefly,  a  general  survey  of  all  such 
possible  types  of  divergence  between  valences  and  values,  it  will 
appear,  first,  that  the  cases  in  which  an  individual  fails  to  ex- 
perience positive  or  negative  valences  corresponding  to  final 
consummatory  and  ev^oking  values  are  probably  few.  A  num  is 
not  very  apt  to  overlook  either  actual  food  or  actual  cold.  Sec- 
ondly, however,  there  will  be  a  relatively  large  number  of  cases 
in  which  an  individual  experiences  means  or  hindrance  valences 
(positive  or  negative)  when  there  are  not  any  correspond iiij? 
values.  A  miser's  love  of  money  is  the  stock  example.  The 
miser  experiences  a  positive  valence  which  far  exceeds  any  cor- 
responding real  positive  value.  And  the  phobias,  e,g,,  claustro- 
phobia and  agoraphobia,  are  other  instances.  They  are  cases 
of  strong  negative  valences  for  types  of  situation  the  real  nega- 
tive values  of  which  are  practically  nil. 

It  will  appear,  however,  that  to  consider  intelligently  all  such 
types  of  divergence  between  the  actually  experienced  valences 
and  the  true  values  we  shall  need  to  consider  first  another  con- 
cept— ^that,  namely,  of  ** beliefs."  For  it  is  the  individual's  be- 
liefs (true  or  erroneous)  which  finally  determine  in  how  far 
environmental  objects  take  on  for  him  the  valences  which  they  do. 

Let  us  turn  then,  now,  to  beliefs. 

3.  Beliefs 

A  distinction  is  to  be  made  first  between  instrumental  beliefs 
and  equivalence  beliefs.  Instrumental  beliefs  are  to  be  defined 
as  the  readinesses  of  an  individual  to  accept  certain  objects  or 
situations  as  either  means  or  hindrances,  or  signs  (see  below) 
relative  to  other  objects  or  situations.  And  equivalence  beliefs 
are  to  be  defined  as  the  readinesses  of  an  individual  to  accept 
certain  objects  or  situations  as  functionally  equivalent  to  other 
objects  and  situations.  Let  me  illustrate  in  terms  of  the  two 
t}T)es  of  classical  learning  experiment. 

The  first  of  these  is  the  type  of  experiment  originated  by 
Thorndike  in  his  early  investigations  of  the  hungry  cat  getting 
out  of  a  cage.  It  is  know  as  trial  and  error  learning.  Shut  up 
with  food  outside,  the  animal  learned  (through  repeated  so- 
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called  trial  and  error)  that  attacking  the  bars  did  not  get  her 
out — that  the  bars  were,  in  short,  hindrance-objects.  She  also 
learned  by  this  same  trial  and  error  that  pulling  at  a  particular 
loop  of  string,  hanging  down  in  the  middle  of  the  cage,  did  get 
lier  out,  i.e.,  that  such  a  loop  was  a  positive  means-object.  As 
a.  result,  she  became  ready  thereafter  (i.e.,  after  a  certain  num- 
ber of  trials)  not  to  attack  bars  and  to  pull  at  the  loop.  Or,  in 
our  present  terminology  (which  by  the  way,  would  no  doubt  be 
very  shocking  to  Thorndike)  she  acquired  instrumental  beliefs 
to  the  effect  that  bars  are  negative  (or  hindrance)  objects  and 
that  loops  are  positive  (or  means)  objects.  And  hence,  further, 
the  bars  took  on  for  her  negative  instrumental  valences  and  the 
loop  took  on  a  positive  instrumental  valence.  Furthermore,  in 
this  particular  case,  these  her  acquired  valences  were  correct. 
They  corresponded,  that  is,  to  what  we,  the  onmiscient  observers, 
can  see  to  have  been  the  actual  true  values. 

But  such  a  type  of  learning  also  establishes  equivalence  be- 
liefs. For,  once  the  cat  had  learned  not  to  attack  the  bars  and 
to  attack  the  loop,  Thorndike  introduced  transfer  experiments 
in  which  the  animal  was  then  tried  out  in  other  somewhat  similar 
cages.  And  it  was  found  that  now  other  similar  bars  would  also 
not  be  responded  to  (that  is,  would  be  accepted  by  the  cat  as 
equivalent  to  the  original  bars)  and  other  opening  devices  rela- 
tively similar  to  the  original  loop  would  be  responded  to  (that 
is,  would  be  accepted  by  the  cat  as  equivalent  to  the  original 
loop).  But,  if  such  new  bars  and  new  opening  mechanisms  were 
too  divergent  from  the  original  ones,  the  learning,  that  is,  these, 
her  acquired  equivalence  beliefs,  would  not  carry  over. 

Any  case  of  trial  and  error  learning  may  be  said,  then,  to 
result  in  both  instrumental  and  equivalence  beliefs.  The  former 
determine  what  positive  and  negative  instrumental  valences 
have  come  to  adhere  to  what  given  specific  features  in  the  orig- 
inal set-up.  And  the  latter,  the  equivalence  beliefs,  determine 
to  how  wide  a  range  of  other,  more  or  less  similar,  objects  these 
same  instrumental  valences  will  carry  over. 

Consider  now  also  the  second  classical  type  of  learning  ex- 
periment— ^the  conditioned  reflex  experiment.  You  are  all  fa- 
miliar with  this  as  originally  carried  out  by  Pavlov.  A  dog  had 
a  salivary  fistula  made,  whereby  the  saliva  he  secreted  on  one 
side  came  out  through  a  tube  cemented  to  the  cheek  and  could 
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be  measured.  A  metronome  was  sounded  prior  to,  and  con- 
tinuing sinniltanoously  with,  the  presentation  of  food.  After  a 
few  trials,  the  hungry  dog  began  to  secrete  saliva  at  the  sound 
of  the  metronome,  just  before  the  food  itself  actually  appeared. 
Now  such  learning  also  involves  the  acquisition  of  an  instru- 
mental belief — that  is,  a  special  variety  of  instrumental  belief 
which  I  would  call  a  sign  belief.  The  animal  learns,  namely,  to 
take  the  metronome  as  a  sign  for  the  coming  of  food.  And  sec- 
ondly this  type  of  learning  also  involves  an  equivalence  belief. 
For  it  will  be  found  that  this  conditioned  secretion  will  occur 
for  quite  a  range  of  metronome  rates  other  than  the  original 
one.  Such  other  metronome  rates  are,  in  short,  believed  by  the 
dog  to  be  equivalent  to  the  original  one.  And,  it  may  be  noted  in 
passing  that  further  experiments  can  be  carried  out  in  which 
such  equivalence  beliefs  as  to  signs  can  also  be  narrowed  down 
by  special  training. 

Finally,  I  would  say  that  ordinary  learning  in  man  also  re- 
sults in  just  such  instrumental  and  equivalence  beliefs  as  those 
which  get  set  up  in  cats  and  dogs. 

The  next  important  point  to  note  is  that  in  both  man  and  the 
lower  animals,  when  the  situation  changes,  the  noi-mal  thing  is 
for  new  learning  to  occur.  If  the  means,  hindrance  and  sign 
relationships  in  the  environment  be  changed,  then  the  man  or  the 
lower  animal  will  normally  relearn  and  ac(piire  the  necessary 
new  beliefs.  And  in  all  these  cases  where  such  new  learning  is 
readily  possible  I  would  call  the  original  beliefs — rational.  But, 
as  we  shall  also  see  in  a  moment,  there  are  many  cases  in  which 
the  first  beliefs  cannot  thus  be  readily  given  up  in  favor  of  the 
necessary  now  ones.  In  these  latter  cases  I  shall  call  the  orig- 
inal, too  strongly  held  to,  beliefs  irrational  or  traumatic. 

Our  next  question  is,  then,  what  are  the  types  of  situation 
which  tend  to  give  rise  to  irrational  or  traumatic  beliefs?  And 
my  answer  will  be  that  they  are  situations  which  involve  too 
much  frustration — i.e.,  situations  in  which  a  real  solution,  a  real 
learning,  is  relatively  difficult  and  beyond  the  capacity  of  the 
organism.  Such  situations  occur,  of  course,  very  frequently  in 
childhood.  And  I  would  suggest  in  passing  that  it  was  one  of 
Freud  *s  major  contributions  to  have  discovered  the  importance 
of  such  early  childhood  frustrations  and  the  fact  of  the  conse- 
([uent  irrational,  or  traumatically  held  to,  beliefs  which  as  a 
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result  tend  to  get  established  in  cliildliood  and  to  persist  in 
hidden  forms  throughout  later  adult  life.  But  let  us  consider 
now  a  few  of  the  characteristic  types  of  such  irrational,  trau- 
matically  held  to  beliefs.  We  may  call  them  frustration 
mechanisms. 

4.  The  Frustkation  Mechanisms 

Q^he  following  list  is  a  very  abbreviated  one.  Actually 
Freud,  and  others,  have  uncovered  some  twenty  or  more  such 
mechanisms.  This  list  will  suffice,  however,  for  illustrative 
purposes. 

Frustration  Mechanisms 

Fixation 
Symbol-Magic 
Displaced  Aggression 
Phantasy  and  Dreams 

Sex  Perversions  or  Sublimations 
Going  out  of  the  field,  Suppres- 
sion and  Kegression 
Identification 
Vicarious  Identification 
Group  Identification 

These  are  all  names  for  characteristic  ways  in  which  an 
organism,  faced  with  a  relatively  difficult  problem  of  learning 

the  appropriate  signs  and  means  for  getting  on  to  some  final 
satiation  or  awav  from  some  final  sutTerance  mav  tend  to  get 
caught  by  erroneous,  and  iri'ationally  held  to,  l)eliefs  concerning 
such  signs  and  means.  Further,  it  will  apj)ear  that  these  er- 
roneous and  irrationally  held  to  beliefs  ai"e,  in  the  last  analysis, 
cqmralcnce  beliefs.  And  they  may  be  divided  into  the  three 
subclasses  of:  (1)  an  overready  acceptance  of  a  frequent  means 
or  sign  as  functionally  equivalent  to  that  for  which  it  is  the 
means  or  sign;  (2)  an  overready  acceptance  of  a  similar  as  func- 
tionally equivalent  to  that  to  which  it  is  similar;  and  (3)  an 
overready  acceptance  of  a  contiguous  accompaniment  as  func- 
tionally equivalent  to  that  which  it  accompanies.  But  let  us 
consider  this  list  of  mechanisms,  now,  one  at  a  time. 

Fixation.  This  term  is  used  to  designate  a  means  which  was 
originally  experienced  man}-  times  over  but  which  continues  to 
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be  irrationally  held  to  after  it  has  ceased  to  be  correct.  For  ex- 
ample, a  man  who  at  the  age  of  four  was  properly  in  love  with 
his  mother  continues,  as  an  adult,  to  be  ''fixated"  on  her.  As 
a  result  he  fails  to  marry;  and  he  finds  normal  sexual  relations 
with  women  of  his  own  age  and  class  difficult.  This,  of  course, 
is  the  famous  CEdipus  Complex. 

But  fixations  are  also  to  be  found  in  less  poetical  areas  than 
** Hamlet*'  and  the  "(Edipus  Rex.*'  Even  the  white  rat  may 
exhibit  them.  If  a  rat  be  tauji:ht  first  to  choose  the  right-hand 
path  and  then  the  food  l)e  switched  to  the  left-hand  path,  it  may 
take  the  l)east  an  undue  immber  of  repetitions  to  learn  the  new 
direction,  if  the  first  one  were  very  mucli  ovei'loarnod.  The 
over-frequent  exercise  on  the  right  will  have  caused  him  to  be- 
come fixated  upon  that  side — especially  so,  if  in  the  original 
set-uji  his  frustrations  were  great — if  he  received  an  electric 
shock  at  the  choice  point,  or  if  he  had  especial  difficulty  in  learn- 
ing it,  or  if  he  were  especially  hungry.* 

That  is,  all  such  fixations,  whether  of  the  man  on  his  mother 
or  of  the  rat  on  its  path,  are  to  be  characterized  as  erroneous  and 
irrationally  held  to  equivalence  beliefs.  The  mother,  a  mere 
early  and  frequent  means-object,  is  held  on  to  throughout  life, 
irrationally  and  erroneously,  as  equivalent  to  the  actual  sati- 
ations which  her  original  caresses  produced.  And,  similarly, 
the  right-hand  path  is  erroneously  and  traumatically  held  on 
to  by  the  rat  as  equivalent  to  the  hunger-satiation  which  it 
originally  led  to. 

Turn  to  the  next  item. 

Si/mbol-Magic  is  a  concept  originally  emphasized  by  Kempf 
in  this  country.  It  describes  the  case  in  which,  when  a  goal  is 
debarred,  we  resort  to  some  sort  of  hocus-pocus  which  simulates 
that  goal.  Thus,  hanging  or  burning  in  effigy  is  the  classical 
example.  The  real  goal,  the  persecution  and  death  of  some 
hated  character,  cannot  be  got  to  so  we  indulge  in  the  symbolic 
acts  of  burning  or  hanging  a  likeness  of  that  hated  character. 
A  similar,  or  symbol,  is  accepted  as  functionally  equivalent  to 
that  to  which  it  is  a  similar. 

Displaced  Agyression. — Normal  aggression  is  an  appropri- 
ate attack  upon  a  true  barrier.    Displaced  aggression,  in  con- 

Soo  cxporimoTits  hy  Ellis  and  Hamilton,  by  Gilliouscn,  by  Elliott,  by  Krechevskj 
and  Houzik,  by  Uamilton  and  Kreclicvsky,  and  by  Sanders. 
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trast,  is  our  iiaitio  for  the  case  where,  because  an  aggressive 
attack  upon  the  true  barrier  itself  is  unsuccessful,  or  prevented, 
the  individual  takes  it  out  by  an  attack  upon  some  innocent 
bystander  or  upon  some  inanimate  object.  From  a  recent  issue 
of  Life  it  appears  that  a  couple  of  young  modelers  have  capi- 
talized on  this  propensity  by  inventing  a  small  clay  figure  known 
as  a  "  wackeroo.  * '  When  difficulties  arise  one  grabs  the  wackeroo 
and  hurls  it  across  the  room  with  a  satisfying  crash — obviously, 
a  grand  case  of  displaced  aggression.  But  such  displaced  ag- 
gression is  also  but  another  case  of  a  traumatically  held  to  and 
erroneous  equivalence  belief.  It  is,  in  short,  the  belief  that  the 
destruction  of  a  mere  accompaniment  of  a  barrier  is  functionally 
equivalent  to  the  destruction  of  the  actual  barrier  itself." 

Phantasy  and  Dreams  deserve  a  longer  discussion  than  I 
have  time  for.  Thoy  can,  however,  be  characterized,  very 
briefly,  as  cases  in  which  a  combination  of  similars  and  ajipro- 
priate  means  are  accepted  as  functionally  equivalent  to  a  dis- 
tant, relatively  unattainable  goal.  In  i)haiitasy  one  mentally 
rehearses  the  goal.  And  such  a  mental  rehearsal  is  actually 
pai-t  of  the  total  appropriate  means  necessary  for  getting  to  the 
goal.  It  is  a  pure  phantasy,  however,  when  instead  of  being  a 
mere  planning  for,  this  mental  rehearsal  comes  to  be  accepted  as 
functionally  equivalent  to,  and  a  substitute  for,  the  true  goal 
itself. 

» 

Dreams  are  rather  similar.  The  distinctive  feature  about 
them  is,  however  (as  Freud  demonstrated),  that  in  the  dream  the 
real  meaning  is  apt  to  be  disguised.  Dreams  occur  when  there 
is  snch  a  strong  barrier  barring  off  the  real  goal  (in  this  case  an 
inner  barrier  set  up  by  early  moral  training)  that  the  goal  not 
only  cannot  be  reached  but  also  cannot  even  be  thought  about 
in  undisguised  form.  A  dream  is  thus  a  very  absurd,  as  well 
as  an  irrationally  held  to  and  erroneous,  equivalence  belief.  It 
is  a  belief  to  the  effect  that  thinking  about  a  goal  in  symbolic 
terms  is  functionally  equivalent  to  actually  attaining  that  ^oal. 

Sex  Perversions  and  Sublimations. — These  have  been 
grouped  together  because  in  both  of  them  the  true  sex  goal  is 
debarred  and  obvious  substitutes  are  accepted.  These  substi- 
tutes may  be  preliminary  types  of  means-activity  or  merely  sym- 

0  A  rcrcJit  cooperative  study  at  Yale  by  Dollard,  Doob,  Miller,  Mowrer  and  Sean 
has  contributed  greutly  to  our  knowledge  concerning  such  Displaced  Aggressions. 


558 


EDWARD  CHA€E  TOLMAN 


bolio  ac'tivitios.  The  big  dilTeii'iicc  betwooii  perversions  aiul 
siil)liniations  is  that  in  sublimations  the  accepted  substitute  is 
very  far  removed  from  the  original  sex  activity  in  appearance 
and  it  is  something  which  the  group  declares  to  be  socially  useful. 

Going  Out  of  the  Field,  Supprcs.sion  and  Regression. — The 
concept  of  ''Going  out  of  the  Field"  was  first  hit  upon  by  Denil)o 
in  I.ewin's  laboratory.  Miss  Dembo's  subjects  were  presented 
with  unsolvable  tasks  which,  howevei",  seemed  solvable.  And 
she  found  that  as  time  passed  and  a  subject  continued  not  to 
find  a  solution  he  or  she  would  experience  tremendous  frustra- 
tion. As  a  result  some  of  her  subjects  refused  to  continue  the 
prescribed  task,  turned  to  other  activities,  or  even  ran  bodily 
out  of  the  room.  For  all  such  behaviors  she  coined  the  compre- 
hensive term  ** Going  Out  of  the  Field."  Such  "Goings  Out  of 
the  Field"  were  all  cases  in  which  the  negativity  of  the  barrier 
may  be  said  to  have  spread  erroneously  and  irrationally  to  the 
goal  behind  that  barrier.  It  is  the  old  sour  grapes  phenomenon. 
In  extreme  frustration  the  subject  falls  into  the  incorrect  and 
traumatically  held  to  equivalence  belief"  that  because  the  bar- 
rier is  bad  the  goal  behind,  and  contiguous  to,  that  barrier  is 
also  bad. 

Regression  and  Suppression  I  class  with  **  Going  Out  of  the 
Field"  because  they  also  are  cases  where  a  positive  goal  is 
aI)andoned  because  of  the  negativitv  of  the  barrier  in  front  of 
it.  By  regression  we  mean  the  case  where  the  individual  gives 
up  the  inmiediate  adult  goal  altogether  and  goes  back  (re- 
gresses) to  some  childhood  goal.  And  by  sup]jression  we  would 
designate  the  case  where  such  a  giving  up,  i.e.,  going  out  of  the 
field  of  a  goal,  does  not  really  get  rid  of  the  goal  altogether  but 
merely  pushes  it  away  from  immediate  direct  attention  and 
allows  it  to  continue  to  exert  an  influence  in  indirect  w^ays. 

Identifieation  is  easily  observed  in  young  children.  A  child 
(faced  with  the  complexities  of  its  environment)  tends  to  "iden- 
tify" with  the  parent,  or.  with  some  other  adult,  of  the  same 
sex.  It  tries  to  copy  what  it  takes  to  be  this  adult's  aims  or 
goals.  According  to  Freud,  this. phenomenon  occurs  especially 
during  the  early  CEdipus  stage.  At  the  age  of  four  or  five  the 
little  boy  wants  to  replace  the  father  in  his  mother's  affections 
and  so  tries  to  become  like  the  father.  Or  the  little  girl  wishes 
to  replace  the  mother  in  the  father's  affections  and  so  tries  to 
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becoiuo  like  the  iiiotlic'r.  But  in  any  case,  wlictlKT  or  not  wo 
accept  this  supposed  causal  iin})ortance  <jf  the  (Edipus  stage,  we 
cannot  deny  that  there  are  such  tendencies  for  children  to  iden- 
tify  with  adults  and  usually,  though  not  always,  with  adults  of 
the  same  sex  as  their  own.  And,  finally,  it  appears  that  such 
identifications  also  ai'e  to  be  classed  as  erroneous  and  irration- 
ally held  to  equivalence  heliefs.  The  child,  irrationally  and 
erroneously,  believes  that  the  adult's  goals  are  functionally 
equivalent  to,  and  are  to  be  taken  as  substitutes  for,  his  own. 

The  above  may  be  called  simple  identification.  I  wish  now, 
however,  to  suggest  a  further  related  phenomenon  to  be  called 
Vicarious  Identification.  .1  would  mean  by  it  the  fact  that  the 
child  not  only  tries  to  copy  the  adult's  goals  but  will  also,  in 
some  degree,  come  to  accept  the  latter 's  successes  vicariously 
as  substitutes  for  his  own  successes.  The  father's  prestige  will 
be  accepted  by  the  boy  as  a  substitute  for  his  own  prestige.  And 
the  mother's  social  triumph  will  be  accepted  by  the  daughter  as 
her  social  tiiuniph.  Obviously,  here  again  is  a  case  of  an 
erroneous  and  trauniatically  held  to  equivalence  belief. 

Finally,  there  is  still  a  third  related  phenomenon  which  I 
would  call  Group  Identification.  A  child,  or  indeed  an  adult 
will,  when  frustrated,  identify  not  only  with  parents  or  leaders 
but  also  with  the  whole  group  such  as  the  family,  the  school, 
the  economic  class,  or  the  nation.  Such  group  identifications 
with  family  or  larger  group  are  associated  with  identifications 
with  the  parents  or  leaders  of  the  group  but  also  contain  an 
element  of  identification  with  the  whole  group  itself  as  some  sort 
of  a  mystical  imity.  The  individual  comes  to  accept  the  success 
of  this  group  vicariously  in  default  of  any  success  of  his  own. 
Again  it  is  a  case  of  an  erroneous,  and  traumatically  held  to, 
belief  in  the  functional  equivalence  of  such  successes  of  one's 
family,  class,  nation  or,  indeed,  of  one's  "hemisphere"  (and  also 
of  the  leaders  thereof)  as  identical  with  and  hence  substitutable 
for  one's  own  successes.  The  world's  history  is  certainly  all 
too  fuU  of  such  instances  in  which  the  common  man  has  sacri- 
ficed himself  quite  erroneously  for  the  glory  and  prestige  of 
his  group.  And  yet  such  group  identifications  are  today  still 
prevalent. 

Why  do  we  not  learn  otherwise?  Two  answers  may  be  sug- 
gested.   First,  such  apparent  sacrifice  is  sometimes  actually 
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valid.  Sometimes  the  successes  of  one's  group  really  are  con- 
ducive to  one's  own  ultimate  biological  and  social  satiations  and 
non-sufferances.  And,  second,  this  group-identification  tend- 
ency is  also  at  the  same  time  reinforced  by,  or  a  direct  expres- 
sion of,  one  of  the  basic  social  drives,  namely,  that  of  "loyalty 
to  the  group."  You  remember  Kohler's  chimpanzees  who  were 
all  ready  to  attack  the  experimenter  and  be  punished  themselves 
when  any  one  member  of  their  group  was  punished.  In  short, 
the  sacrifice  of  oneself  for  the  group  (even  though  this  may  in- 
terfere with  some  or  even  all  of  one's  own  biolosrical  and  social 
satiations)  provides  at  the  same  time  direct  satiation  for  ())ie  of 
the  social  drives.  In  a  word,  although  identification  with  the 
group  is  in  part  a  mere  irrationally  held  to  and  often  erroneous 
equivalence  belief,  it  is  also  in  part  the  direct  expression  of  one 
of  the  simple  instinctive  drives.   Hence  its  everlasting  ubiquity. 

But  let  me  sum  up,  now,  as  regards  all  these  frustration 
mechanisms.  They  occur  primarily  in  situations  of  too  great 
frustration.  And  in  essence,  they  are  beliefs  (usually  both  er- 
roneous, and  irrationally  held  to)  that  ** means,"  ** similars," 
or  contiguous  accompaniments"  are  the  same  as  func- 
tionally equivalent  to)  the  other  objects  or  situations  to  which 
they  are  mere  means,  similars,  or  accompaniments.  And  the 
valences,  positive  or  negative,  which  belong  properly  to  such 
other  objects  get  transferred  to  these  their  means,  similars  or 
accompaniments.  Further,  such  beliefs,  being  irrational  or 
traumatic  as  well  as  erroneous,  require  excessive  amounts  of 
contradicting  experience  to  be  overcome.  In  fact,  it  is  usually 
necessary  to  get  the  help  of  some  second  person.  The  function 
of  a  clinician — ^psychoanalysist  or  mere  eclectic — ^may,  indeed,  be 
said  to  be  primarily  that  of  helping  the  patient  to  substitute,  for 
such  erroneous,  and  traumatically  held  to,  equivalence  beliefs, 
more  valid,  and  more  rationally  held  to,  instrumental  beliefs. 
For  it  is  in  this  way  that  the  valences  of  the  patient  will  come 
more  and  more  to  correspond  to  the  true  values  which  (given 
his  drives  and  capacities)  his  environment  actually  holds  out 
for  him. 

This  completes  my  very  inadequate  indication  of  some  of  the 
problems  of  motivation,  learning  and  adjustment  in  the  indi- 
vidual as  such. 
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Group  Motivation  and  Adjustment 

Before  concluding,  however,  I  feel  that  I  must  hazard  a  word 
as  to  certain  problems  of  group  motivation  and  adjustment. 
For  today  the  problems  of  the  individual  recede  in  importance. 
What  boots  it  whether  you  and  I  achieve  satiations  or  suffer 
sufferances,  if  our  whole  society,  our  whole  civilization  is  to 
,i;o  uiuk'T-  I  have  but  little  lielpful  or  perhaps  true  to  say  but 
I  would  nonetheless  like  to  suggest  a  couple  of  inferences  from 
the  aii^unients  presented  al)ove.  For  it  appears  to  nie  that  two 
at  least  of  the  al)ove  nicchanisins :  that  of  Group  Idvniificotion 
and  that  of  Displaced  Aggression — are  much  to  the  point.  The 
Nazis  and  the  Facisti  today  obviously  present,  it  seems  to  me, 
astounding  examples  of  intense  Group  Identifications  and  of 
virulent  Displaced  Aggressions. 

In  Germany,  Group  Identification — the  traumatic  belief  that 
the  successes  of  the  state  are  substitutable  for  the  successes  of 
the  individual — ^has  reached  extraordinary  proportions.  Long 
before  the  last  war  this  belief  was  officially  accepted  and  taught. 
Further,  as  a  result  of  the  frustrations  of  the  individual  co- 
incident upon  the  Treaty  of  Versailles  and  also  coincident  upon 
a  long  accepted  relatively  Spartan  system  of  childhood  training, 
Germany  has  also  long  been  a  nation  of  frustrated  individuals 
— ones  full  of  aggressions  ready  to  be  displaced.  The  strong 
identification  with  the  state  and  these  dammed  up  aggressions 
inevitably  combined  in  an  attjick  of  overwhelming  I'm  y  against 
supposed  enemies  of  the  state.  The  only  cure  for  Germany 
w^ould  be  a  less  rigid  and  Spartan  system  of  training  and  a  less 
mystical  belief  in  German  **Blut  und  Boden.'* 

Italy  presents  a  similar  though  less  extreme  picture.  The 
youthful  frustrations,  due  to  types  of  family  and  scliool  dis- 
cipline, are  probably  not  as  great  in  Italy  as  in  Germany,  nor 
were  the  Italians  in  general  so  frustrated  by  the  outcome  of  the 
last  war.  In  Italy  the  * 'frustrations"  come  more  from  the 
actual  poverty  of  the  country.  And,  perhaps  the  Italian  lan- 
guage does  not  foster  traumatic  identifications  with  the  group  as 
easily  as  does  the  German.  In  any  case,  Fascist  Italy,  though 
like  Nazi  Germany,  is  less  so  and  less  successfully  so. 

But  turn  now,  finally,  to  ourselves.  The  significance  of  our 
Democracy  has  been,  in  the  past,  both  the  ever  repeated  break- 


Copyrighted  material 


562 


EDWARD  CHACE  TOLMAK 


ing  down  of  tendencies  toward  traumatic  identifications  with  the 
state  or  its  rulers,  and  the  ever  repeated  prevention  of  too  ^eat 
frustrations  of  the  individual.  By  our  free  family  life,  by  our 
non-authoritative  educational  system,  and  by  our  democratic 
political  procedures  (together  with  the  grace  of  an  open  frontier 
plus  two  oceans)  we  have  insured  both  that  the  individual  did 
not  come  to  believe  in  the  welfare  of  the  group  (or  of  its  leaders) 
as  more  important  than  his  own,  and  also  tliat  our  non-satiations 
and  our  sultV* ranees  as  individuals  should  not  become  too  great 
and  not  ])uild  up  into  too  many  displaced  aggressions.  Such 
has  been  our  democracy. 

But  today  all  is  thi-eatoned.  We  Americans,  like  the  deni- 
zens of  the  Old  World,  are  be.ninning  to  talk  j^rimarily  about 
<;toui)  survival,  .irroup  success,  uroup  (Miemies.  The  questions 
therefore  which  todav  we  must  ask  ourselves  are:  How  far  are 
we  (like  the  Germans  and  the  Italians)  merely  traumatically 
identifying  with  our  group  ?  And  how  far  have  the  recent  de- 
pressions and  recessions,  the  horrors  of  unemployment  and  all 
our  consequent  frustrations  merely  led  us  into  displacing  our 
aggressions  against  enemies  abroad  rather  than  directing  them 
against  the  true  barriers  at  home?  Or,  how  far,  on  the  con- 
trary, are  we  validly  responding  in  both  matters  to  real  instru- 
mental relationships  1  How  far,  that  is,  would  a  German  victory 
really  mean  the  end  of  America!  How  far  would  it  truly  mean 
the  greatest  of  sufferances  for  all  of  us  as  individuals! 

One  does  not  know.  History  alone  could  provide  the  true 
answer.  Some  of  our  present  beliefs  and  consequent  valences 
certainly  are  traumatic.  Some  of  them  are  no  more  than  the 
purely  irrational  belief  in  the  mutual  "functional  equivalence** 
of  all  people  who  speak  English  or  of  all  people  who  live  in  the 
Western  Hemisphere.  And  some  of  our  present  activity  is  cer- 
tainly no  more  than  a  mere  nuitter  of  us  old  men  dis])lacing'  our 
a.u'iiressions  and  being  ready  to  send  our  l)(»ys  to  do  our  killing 
for  us.  But  this  is  not  the  only  side  of  the  picture.  For,  even 
if,  in  truth,  our  pi'esent  di  ivinii'  valences  do  come  larg'ely  from 
traumatic  i^roup  identifications  and  traumatic  displaced  aggres- 
sions, these  valences  are  now  so  all-])owerful  in  us  that  we  cannot 
protect  ourselves  against  them.  And,  if  <n\  the  other  hand,  these 
driving  valences  are  in  large  measure  the  expression  of  true, 
and  rationally  held  to,  instrumental  beliefs  as  to  what  really 
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would  happen,  we  do  not  wish  to  be  protected  from  them.  There 
are,  then,  as  I  see  it,  but  three  commitments  now  left  to  us. 

One.  We  must  so  work  that  some  larger,  more  powerful, 
more  international  group  shall  emerge  from  this  war,  a  group 
with  which  our  children  and  our  children's  children  can  more 
happily  and  more  safely  identify.  For,  if  no  such  group,  no 
honest  "League,**  "Federation,"  or  "Union  Now,"  be  bom 
this  time  either,  then  God  help  our  grandchildren  twenty-five 
years  hence  when  we  and  they  shall  have  invented  still  more 
powerful  engines  of  destruction. 

Two.  We  must  so  work  throughout  this  very  period  of 
emergency  as  to  insure  that  our  identifications  with  our  group 
— the  sacrifices  that  we  ask  of  ourselves,  of  the  young  and  of 
labor — shall  be  as  realistic  and  as  untraumatically  held  to  as 
possible.  We  must  see  to  it  that  these  identifications  and  these 
sacrifices  have  a  different,  less  traumatic,  coloring  from  thftt 
which  they  do  in  the  very  groups  whom  we  are  opposing. 

Lastly.  We  must  so  work  as  ever  to  remember  that  in  the 
end  it  is  only  the  satiations  and  non-sufferances  of  individuals 
— the  final  satisfactions  of  the  biological  and  social  drives  which 
alone  can  make  a  good  and  worthy  society.  A  surviving  Amer- 
ica with  the  same  old  soil  erosion,  pellagra,  discrimination 
against  racial  minorities,  and  unemployment  will  not  have  been 
greatly  worth  the  throwing  away  of  our  steel,  our  oil  and  our 
sons. 
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ZDENEK  KOPAL 

Harvard  CkiUege  Observatory 

Abstract 

After  a  brief  survey  of  the  problem  (Sections  1  and  2),  a  method  is  devdoped  for 

deternunitif;  limb-darkening  coefficients  from  the  light  curves  of  eclipsing  binaries  in 
minima  observed  in  two  or  more  wave  lengths  applifahle  to  both  partial  and  total 
eclipses.  For  the  purpose  of  a  least-squares  solution,  the  equations  of  condition  are 
reduced  to  standud  linear  form  (Section  3).  Several  alternative  forms  of  the  equations 
of  condition  are  suggested,  and  their  weights  and  the  effects  of  errors  in  the  photometric 
measiirements  or  geometrical  elements  are  discussed  (Sections  4  and  5).  It  is  pointed 
out  that,  in  the  case  of  total  eclipses,  moderately  precise  measurements  of  the  color 
indices  can  yield  a  relatively  accurate  value  for  the  difference  in  the  darkening  coef- 
ficients for  the  two  respective  wave  lengths. 

Application  is  then  made  to  U  Sagittae  and  U  C'eplun  as  illustrative  examples. 
In  Sections  7  and  8  the  geometrical  elements  and  period  of  U  Sagittae  are  re-investigated; 
Section  9  contains  a  discussion  of  the  observations  of  U  Sagittae  (spectrograms  taken 
in  different  {);irtitil  phases)  and  their  reduction;  and  in  Section  10  the  individual  darken- 
ing coeffi(;icnts  jis  well  as  thoir  difference  are  derived  for  XX40r)0  and  47.")0.  The  resulting 
values  are:  X4050,  u  =  0.5  ±  0.2;  X4750,  u'  =  0.4  ±  0.2  (p.e.);  u  -  u'  =  0.09  ±  0.06 
(p.e.)>  Within  this  interval  in  wave  length,  the  limb  darkening  of  the  B9  component 
of  U  Sagittae  thus  seems  to  be  nearly  constant,  or  increases  hut  slowly  with  increasing 
frequency  of  hght.  In  Section  10,  Ilosenborg's  color-index  measurements  of  U  Cephei 
are  re-discussed,  and  found  to  be  insufficiently  accurate  lor  quantitative  conclusions 
regarding  the  limb  darkening  of  its  bright  component.  Finally  (Section  11),  previous 
results  for  other  stars  are  compared  with  those  obtained  here. 

I.  Intkoduction 

1 . — As  is  well  known^  measurements  of  limb  darkening  provide 
us  with  valuable  information  concerning  the  physical  processes 
prevailing  in  stellar  atmospheres.  This  phenomenon  is  due  to 
the  fact  that  the  radiation  which  emerges  from  an  absorbing  at> 
mosphere  originates,  on  the  average,  at  a  greater  optical  depth, 
and  therefore  corresponds  to  a  higher  temperature,  if  viewed 
normally  to  the  surface  than  if  viewed  tangentially.  The  ap- 
parent surface  temperature  will  thus  depend  on  the  angle  of 
foreshortening,  being  highest  at  the  center  and  gradually  decreasing 
toward  the  edge.  As  a  conseciuencc,  the  surface  brightness 
behaves  likewise.  The  intensity  of  radiation  emitted  at  a  point 
where  the  surface-normal  makes  an  angle  6  with  the  line  of  sight 
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is  given  by 

/  =  r*  E{T)e-'    •  sec  dr,  (1) 
Jo 

where  r  denotes  the  optical  depth.  If  we  make  the  usual  approxi- 
mation that  E{t)  is  proportional  to  r,  the  integration  gives 

/  -  /o(l  -  w  +  M  cos  e),  (2) 

where  u,  the  coefficient  of  limb  darkening,  is 

Here  C2  is  Planck's  second  constant  (1.432  cm  deg) ;  T,  the  surface 
temperature  connected  with  the  effective  temperature  T,  by  the 
relation 

(TJTy  =  4/V3; 

and  Kx  is  the  continuous  absorption  coefficient  for  the  wave  length 
X,  while  K  is  the  opacity  coefficient  (Rosseland  mean).  Hence  u 
proves  to  be  dependent  on  the  temperature  and  on  the  frequency 

of  light,  as  well  as  on  the  nature  of  the  absorption  processes  in 
stellar  atmospheres.  Its  values  would  seem  to  be  predictable  on 
a  theoretical  basis,  were  it  not  for  tlie  fact  that  the  hypothesis 
that  E{t)  is  linearly  proportional  to  t,  w^hich  we  employed  in  the 
integration  of  (1),  is  obviously  but  an  approximation  and,  in 
addition,  the  constant  of  proportionality  depends  on  the  qualit}' 
of  the  stellar  radiation.  Moreover,  the  values  of  kx/k  are  a  difficult 
subject  for  rigorous  calculation.  Pannekoek^  and  others  have 
endeavored  to  calculate  them  as  a  function  of  the  temperature  for 
different  wave  lengths  and  surface  gravities;  yet,  despite  a  great 
amount  of  work,  our  positive  knowledge  is  still  far  from  satis- 
factory. Hence  the  problem  of  finding  the  degree  of  darkening 
for  a  star  of  given  temperature  and  effective  wave  length  is  semi- 
empirical:  whenever  the  value  of  u  can  be  inferred  from  the  ob- 
servations, we  gain  a  valuable  indication  of  the  correctness  of  the 
theoretical  predictions. 

— Apart  from  the  sun,  eclipsing  binaries  are  the  only  possible 
source  of  information  on  this  parameter.  It  has  been  pointed  out 
by  Russell  and  Shapley^  that  limb  darkening  profoundly  influences 

1  Amsterdam  Publ.  4,  1935;  cj.  also  M.N.,  95,  733,  1933. 
« Aj>.  J.,  36,  239,  1912. 
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the  determination  of  the  geometrical  elements  of  eclipsing  variables 
from  their  light  curves.  But  the  simultaneous  determination  of 
limb  darkening  with  the  geometrical  elements  has  proved  to  be 
an  exceedingly  difficult  task,  because  the  effects  of  limb  darkening 
are  largely  correlated  with  those  produced  by  various  other  geo- 
metrical elements.  In  order  to  separate  them,  observational  data 
of  the  utmost  accuracy  are  required.  Numerous  earlier  attempts 
at  the  quantitative  determination  of  limb  darkening  from  moder- 
ately accurate  light  curves  necessarily  failed,  or,  at  best,  were 
able  merely  to  indicate  which  of  the  two  limiting  solutions,  "uni- 
form "  or  "completely  darkened,"  is  nearer  to  reality.*  Pannekoek 
and  Miss  van  Dien  ^  applied  the  method  of  least  squares  for  ad- 
justing the  arbitrary  constants  and  were  the  first  to  realize  fully 
the  intrinsic  difficulty  of  the  problem.  Not  until  quite  recently 
have  .such  investigations  led  to  positive  results.  Wyse  ^  has  im- 
proved the  method  of  simultaneous  determination  of  tlie  darkening 
coefficient  and  other  geometrical  elements  by  least-squares  correc- 
tions; and  Kron®  has  finally  produced  such  an  accurate  light 
curve  of  YZ  Cassiopeiae  that  he  lias  succeeded  in  deriving  the 
limb  darkening  coefficient  of  its  brighter  component  with  a  prob- 
able error  of  8  per  cent. 

A  different  course  may  he  pursued  if  observations  in  different 
wave  lengths  are  available.  Limb  darkening  manifests  itself  not 
only  by  decreasing  the  total  intensity  toward  the  edge,  but  also 
by  making  the  Umb  redder  than  the  center.  Consequently,  as 
the  eclipse  progresses,  the  color-index  of  the  visible  crescent  must 
be  subject  to  gradual  changes.  The  color  index  of  an  eclipsing 
system  at  any  one  moment  is  naturally  the  mean  of  the  color 
indices  of  the  two  components,  weighted  according  to  their 
luminosities.  If  the  eclipsed  disc  is  ''uniform,"  its  luminosity 
during  the  eclipse  decreases  proportionally  to  the  hidden  area; 
and  if  the  temperatures  and  relative  dimensions  of  both  components 
are  known,  the  color  index  of  the  system  at  any  specific  moment 
can  be  predicted  as  a  function  of  the  phase  angle.  Systematic 
deviations  from  the  predicted  relationship  are  definite  indications 
of  limb  darkening.    Wiiile  the  first  method,  based  on  ob- 

'  For  instance,  Stebbins  (Washb.  Publ.  15,  41,  1928)  on  a  Coronae  Borealis;  or 
McDiarmid  (Princ.  Contr.  7,  50,  1924)  on  TX  Cassiopeiae. 
*B.  A.  A.,  8.  141,  1937. 
»  Lick  Bull.  494,  1939. 
•  Lick  BuU.  499,  1939. 
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servations  in  one  wave  length  only,  can  preferably  be  applied 
to  systems  with  annular  deep  minima,  the  latter  method  will 
prove  to  be  advantageous  for  systems  the  deep  minima  of  which 
are  total.  Both  methods  require  highly  precise  observations  if  the 
individual  coefficients  of  darkening  are  to  be  obtained;  however, 
even  moderately  accurate  measurements  of  the  color  indices  can 
yield  a  relatively  accurate  difference  between  the  darkening  coeffi- 
cients in  the  two  respective  wave  lengths. 

The  first  and  so  far  the  only  investigation  of  the  second  kind  is 
that  of  U  Cephei  by  Rosenberg/  who  carried  out  the  photographic 
photometry  of  this  system  in  two  widely  separated  effective  wave 
lengths.  Rosenberg,  however,  failed  to  investigate  adequately 
the  nature  of  the  problem,  its  determinateness,  or  the  effects  of 
errors  entering  through  the  underlying  observational  data.  More- 
over, it  can  be  shown  that  if  the  geometrical  elements  are  known 
from  previous  investigations,  a  knowledge  of  the  complete  light 
curves  (i.e.,  of  instantaneous  brightness)  of  a  system  in  two 
effective  wave  lengths  is  superfluous;  the  only  necessary  require- 
ment is  the  knowledge  of  the  color-index  variation  between  mini- 
mum and  full  light.  In  Part  II  of  the  present  paper  an  exhaustive 
analysis  of  the  problem  will  be  given.  Part  III  will  contain  an 
application  to  U  Sagittae,  based  on  the  measurements  of  spectro- 
grams taken  in  different  partial  phases  ;  and  in  Part  IV  Rosenberg's 
data  on  U  Cephei  will  be  subjected  to  a  similar  re-discussion. 
Finally,  in  Part  V,  will  appear  a  general  discussion  and  comparison 
of  the  results  arrived  at  below  with  those  obtained  previously  for 
other  stars. 

II.  Theory  of  the  Effect 

S, — Let  I  denote  the  relative  luminosity  of  an  eclipsing  system 
at  phase  angle  ^  (supposed  within  eclipse),  and  let  a  be  the  frac- 
tional loss  of  light  of  the  eclipsed  disc  of  a  component  which,  for 
convenience,  we  shall  call  the  primary.   Then,  at  any  phase, 

Z  =  L,  +  Li(l  -  a),  (3) 

where  Li  and  L2  are  the  relative  luminosities  of  the  primary  and 
secondary  component,  respective!}'.  If  ol)servations  in  two  wave 
lengths  are  available,  and  if  I,  I'  denote  the  luminosities  of  the 

?Ap.      83,67,  1»36. 
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system  in  any  two  particular  wave  lengths  X,  X',  we  obtain  by 
division 

V  _W  1  +  (1  -  aW  ... 
I  "  L,  '  1  +  (1  -  a)A  * 

where 

i.e.,  an  equation  governing  the  variation  of  the  intensity  gradient 
with  the  phase.  The  value  of  the  left-hand  term  could  readily 
be  derived  from  the  observations,  but  accurate  measurements  of 
such  a  nature  are  known  to  be  difficult.  Much  easier  to  measure 
is  a  quantity  S\x'(V/l)j  where  Sw  denotes  effects  which  depend  on 
the  wave  length  (such  as  atmospheric  and  instrumental  absorption, 
plate  sensitivity,  etc.),  but  are  constant  as  long  as  we  use  the  same 
instrumental  arrangement,  check  the  irregularities  in  the  plate 
sensitivity  by  appropriate  calibration,  and  observe  in  (or  reduce 
our  observations  to)  the  same  zenith  distance.  Suppose  we 
measure  S\\'{V/l)  at  two  phases  xpi  and  and  form  their  ratio. 
With  the  above  precautions,  *Sxx'  can  be  regarded  as  a  common 
multipUcative  constant  and  cancels.  Therefore 

(f),  (f).=« 

_  r  1  +  A(l  -  a)  1  r  1  +  A-(l  -  a')  1 
"  L  1  +  A'(l  -  «')  Ji  L  1  +  A(l  -  a)  ' 

I.e.,  we  obtain  an  equation  expressing  the  ratio  of  the  intensity 
gradients  at  different  phases — a  quantity  the  correct  value  of 
which  can  be  deduced  from  spectrophotometric  observation  with- 
out much  difficulty. 

In  order  to  introduce  limb  darkening  explicitly  we  have  to 
evaluate  a.  Provided  that  the  law  of  darkening  is  of  the  form 
(2),  it  is  easy  to  show  that 

3(1  -  tt)   -  ,     2u  , 

where  a®  and  a*  are  fractional  losses  of  light  of  an  "uniform" 
(i*  =  0)  and  completely  darkened  (u  =  1)  disc,  respectively.  As 
is  well  known,  a9  can  be  integrated  directly  in  terms  of  circular 
functions,  while  for  evaluating     recourse  to  elliptical  functions 
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is  inevitable.    Both  «"  and      have  been  extensively  tabulated* 
as  functions  of  the  geometrical  elements  of  the  eclipse. 
If  we  put 

2u 

(7) 


S  -  u 

and  abbreviate 

«i  —  ojO  _  ^ 


(7.1) 


equation  (6)  takes  the  form 

a«  =  1  -  /  +  Srx,  (6.1) 

and  equation  (5)  can  be  reduced  to  a  standard  form 

Ax  +  Bx'  +  Cxx'  =  D,  (8) 

the  coefficients  of  which  are : 

A  =  A{^2Q(1  +/iA')  -  g,{l  +M')}, 
B  =  A'{giQ(l  +/2A)  -  ^2(1  +/iA)}, 
C  =  AA'^,^2(1  -  Q), 

D  =  Q(l  +M)(1  +M')  -  (1  +/iA)(l  +M'). 

Both  /  and  g  are  purely  geometrical  functions  of  the  phase  angle, 
and  Q  is  an  observable  quantity.  The  ratio  of  luminosities  A  also 
can,  under  certain  conditions  {cf.  Section  6),  be  determined  from 
the  observations  alone.  Therefore  the  coefficients  of  equation  (8) 
can  be  regarded  as  known,  and  the  equation  itself  used  for  eval- 
uating the  xs  and,  with  the  aid  of  (7),  the  coefficients  of  limb 
darkening. 

The  procedure  as  developed  so  far  is  applicable  no  matter 
whether  the  eclipse  in  question  is  partial  or  total.  It  is  easy  to 
see  that,  in  the  case  of  partial  eclipses,  observations  from  three 
phases  at  least  are  required  to  \deld  a  linear  relation  between  x 
and  x'  (that  is,  to  eliminate  the  quadratic  term),  and  observations 
from  six  phases  at  least  are  necessary  for  obtaining  the  unknowns. 
This  is  of  course  in  theory;  in  practice,  many  more  observations 
would  be  required. 

4. — If,  however,  the  eclipse  under  consideration  is  total  and 
spectrophotometric  measurements  extend  also  to  the  interval  of 

•  Uniform  tables,  correct  to  four  decimals,  were  computed  by  Wend  (Diss.  Leipzig, 

1931)  and  Merrill  (unpublished),  while  a'  has  been  evaluated  to  the  same  number  of 
digits  by  Ferrari  (Wini  Mitt.,  1,  422,  1939)  and,  correctly  to  five  decimals,  by  Zessewitch 
{Bull.  Astr.  Inst.  Leningrad,  No.  45,  1939). 
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totality,  the  problem  admits  of  considerable  simplification.  Dur- 
ing totality,  obviously, 

if  we  express  the  intensity  gradient  in  terms  of  (Z'/Oo  as  unity,^ 
/o  and  <7o  become  zero  and  the  coefficient  of  the  quadratic  term  in 
(8)  vanishes.  The  latter  reduces  to 

Aox  -  Box'  =  Do  (8.1) 

where 

Ao  -  gA 
Bo  =  gA'Q 

Do  =  1  +/A  -  0(1  4-/A'). 

We  see  that,  in  this  case,  observations  in  n  phases,  combined  with 
those  of  totality,  supply  us  with  a  system  of  n  linear  equations,  a 
least  squares  solution  of  which  yields  the  most  probable  values 
of  the  unknowns.  Thus,  in  practice,  the  method  can  be  applied 
with  a  reasonable  expectation  of  success  only  when  the  minima 
studied  are  total. 

Professor  H.  N.  Russell  has  pointed  out  to  the  writer  that,  in 
the  equations  of  condition  (8.1)  as  they  stand,  the  absolute  terms 
Do  are  of  very  different  weights.  Since  Q  is  determined  photo- 
metrically, it  is  reasonable  to  assume  that  its  error  is  proportional 
to  itself,  and  the  error  of  Do  proportional  to  Q(l  +  /A').  But, 
from  (5)  and  (6.1), 

«  -  1  +  (/  -  gx')A'  '  (^-1) 

If  we  divide  equation  (8.1)  by  (1  H-/A),  the  error  of  its  absolute 
term  will  be  proportional  to 


1  - 


gx 


1  +/A 


1  - 


gx' 


1  4- /A' 

Since  g  is  always  a  small  quantity  and  x  <  I,  while  /  is  always 

positive,  we  see  that  the  weights  of  equations  thus  obtained  will  be 
approximately  equal.  We  should  therefore  adopt,  as  our  equa- 
tions of  condition, 

Aoix  -  Boix'  =  Doi,  (8.11) 

*  The  maximum  light  could  be  used  as  t  he  standard  phase  as  well,  but  as/nux  =  1, 
the  coefficients  of  Equation  (8.1)  would  be  more  complicated. 
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where 

•^0      Bo  Dp 

Aqi        £>oi  Uoi 

This  consideration  applies  only  to  errors  arising  from  the  in- 
accuracy of  the  underl3ring  photometric  measurements.  But, 
intrinsically,  equations  (8.11)  are  still  of  very  different  weight. 
In  order  to  illustrate  the  point,  let  us  compute  from  (5.1)  the 
theoretical  Q's  under  the  two  limiting  assumptions,  namely 
X  —  x'  —  0  (Q®)  and  x  ^  x'  —  1  (QO,  with  any  plausible  set  of 
geometrical  elements.   The  reader  may  verify  that  the  difference 

—  zero  at  the  moment  of  inner  contact,  increases  rapidly 
with  increasing  \f/,  but  soon  reaches  a  maximum  and  then  begins 
to  diminish  again,  until,  in  early  partial  stages,  {Q^  —  Q^)  become.^ 
so  small  as  to  make  any  determination  of  the  proper  intermediate 
degree  of  darkening  effectively  imp()ssil)le.  Therefore  equations 
corresponding  to  phases  close  to  totality  should  be  given  more 
weight  than  those  corresponding  to  early  partial  stages.  It 
seems  reasonable  to  put  their  weight  proportional  to  the  difference 
(Q"  —  Q^),  which  can  be  easily  evaluated  from  (5.1)  before  equa- 
tions (8)  are  solved. 

The  coefficients  An  and  Bo  are  evidently  mutually-dependent. 
The  nature  of  the  pr()l)lcin  is  such  that  the  differcTicc  f.4o  —  Bq) 
depends  strongly  on  the  phase.  Near  totality,  (^o  —  ^o)  i*^ 
usually  of  the  same  order  of  magnitude  as  Ao  and  /?o :  but  with 
increasing  phase  Ao  and  Bq  approach  asymptotically.  This 
renders  observations  at  early  partial  stages  nearly  useless  for 
determining  the  individual  values  of  x  and  x',  but,  as  will  be  shown, 
they  are  still  capable  of  providing  us  with  a  significant  difference 
(x  —  x').  The  writer  is  indebted  to  Professor  Russell  for  the 
further  suggestion  that  if,  instead  of  x  and  x'^  new  variables  are 
introduced,  defined  as 

2x  =  x  -h  x' 
Aa;  =  x  —  x' 

equation  (8.11)  then  takes  the  form 

AQi£  -h  BoiAx  =  Dot  (8.12) 

where 

Aq2  =^  Aoi  —  Boi;      2Bo2  =  Aoi  +  Boi\      D02  =  Z>oi. 

The  coefficients  of  f  and  Ax  are  practically  always  of  the  same 
sign,  but  the  sum  of  A©  and  Bo  is,  in  every  case,  considerably 
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greater  numerically  than  their  difference.  Hence  the  nature  of 
our  problem  is  such  that  the  difference  between  the  coefficients 
of  darkening  in  any  two  wave  lengths  can  be  obtained,  with  rela- 
tively far  greater  accuracy,  from  observations  uniformly  distributed 
along  the  whole  light  curve  than  can  the  individual  coefficients. 

5. — Our  final  consideration  should  concern  errors  possibly 
introduced  by  the  inaccuracy  of  the  geometrical  elements.  The 
latter  enter  into  our  procedure  through  /  and  g  {i.e.,  a®  and  a^). 
We  have  seen  in  tlie  preceding  paragraph  that  the  all-important 
pliases  (possessing  greatest  intrinsic  weight)  are  those  close  to  the 
inner  contact.  As  is  well-known,  near  totality  a°  and  vary 
approximately  as 

"  1(10) 

where 

p  =  (5  -  r2)/ri 
6^  =  sin^  ^  sin*  i  -\-  cos*  i 


(11) 


rt,  Tt  being  fractional  radii  of  the  primary  and  secondary  com- 
ponent, respectively;  5,  the  separation  of  their  centers  (orbital 
radius  taken  as  the  unit  of  length) ;  and  i,  the  orbital  inclination. 
Therefore,  near  totality, 

/  =^  1  -   

^  ^  (1  -  f-){i  -  Vi  - 

Differentiating,  we  obtain 


I (7.11) 


A/  =  -2p(g..+^..+|A.) 

x(i-|Vw) 


(7.12) 


where 


dp 

_  V  . 

dp 

1 

ar, 

dr^ 

r,  ' 

dp 

I  as 

d8 

sin  i  cos  i 

di 

di  ~ 

At  the  moment  of  inner  contact  (p  —  —  1),  the  errors  A/  and 
are  at  maximum,  namely, 

A/  -      =  -  ^  (  Arx  -h  Ar,  -h  ~  Ai)  ;  (7.121) 
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but  as  =  Q\  the  weight  of  the  corre.spondins  equation  of 
condition  is  zero.  With  diminishing  eclipse,  p  increases  from 
—  1  to  But  Ag  simultaneously  decreases  until,  at  approxi- 

mately p  =  —  0.745,  {dg/dp)  becomes  zero  and  Ag  vanishes, 
regardless  of  the  errors  in  the  geometrical  elements.^"  The  reader 
may  verify  that  between  —0.80  <  p  <  —  0.70  the  difTerences 
—  Q^)  are  usually  at  maximum,  and  the  corresponding  equa- 
tions of  condition  are  consequently  of  greatest  weight.  The  fact 
that  the  coefficients  Aq  and  Bo  are,  at  these  all-important  phases, 
nearly  independent  of  errors  in  the  geometrical  elements  con- 
tributes greatly  to  the  usefulness  of  the  proposed  method.  With 
respect  to  the  errors  in  /  (occurring  only  in  X>o),  with  increasing  p, 
A/  decreases  likewise;  but,  since/  simultaneously  increases,  the 
quantity  A///  diminishes  very  rapidly.  As  long  as  /  is  small,  the 
quantity  (1  +  /A)  is  insensitive  to  /;  if  both  /  and  A  are  large, 
(1  +  /A)  may  vary  approximately  as  4-/A,  but  in  this  case  Af/f 
is  likely  to  be  so  small  that  the  effect  of  A/  will  scarcely  be  trouble- 
some in  practical  cases. 

III.  Application  to  Practical  Cases.  U  Sagittae 

6. — Application  of  the  theory  developed  in  the  preceding  sec- 
tion to  practical  cases  requires  not  only  that  sufficiently  precise 
measurements  of  Q  be  available,  but  also  that  the  A's  and  the 
.  geometrical  elements  of  the  respective  systems  be  independently 
known,  TIk^  method  proved  to  he  practicable  only  for  systems 
the  deep  minima  of  which  are  total  (Section  4).  Theoretically, 
the  geometrical  properties  of  such  systems  can  be  investigiited 
without  recourse  to  the  partial  branches  of  the  light  curve  affected 
by  a  previously  unknown  amount  of  darkening.  The  radii  ratio 
k  and  the  ratio  of  luminosities  A  can  be  derived  from  the  fractional 
losses  of  light  in  both  minima,  while  ri,  rj  and  i  can  be  evaluated 
from  the  observed  angles  of  inner  and  outer  contacts.  This  is  in 
theory ;  in  practice,  secondary  minima  are  frequently  too  shallow 
and  the  moments  of  outer  contacts  too  ill-defined  to  make  the 
procedure  sufficiently  accurate.  Recourse  to  the  partial  branches 
of  the  light  curves  is  then  inevitable. '  The  procedure  is  one  by 
approximations.  We  adopt  a  certain  plausible  value  for  the  degree 
of  limb  darkening,  derive  the  corresponding  geometrical  elements, 
and  with  their  aid  compute  the  darkening  coefficients  from  the 

The  reason  being  that  the  errors  of  the  geometrical  elements  in  a"  and  a'  are 
correlated  and  cancel. 
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ol)served  Q\s,  in  the  manner  described  in  Part  II.  If  the  resulting 
u  differs  from  that  adopted  at  the  outset,  the  procedure  is  to  be 
repeated  until  an  agreement  is  established. 

7. — One  of  the  most  suitable  eclipsing;  systems  to  which  the 
above  method  can  be  applied  is  undoul)tedly  U  Sagittae.  Several 
light  curves  of  this  variable  have  ))cen  published/'  the  best  of  them 
being  probably  the  photometric  cui  ve  by  Wendell.'^  Complete 
spectroscopic  observations  are  ayailable  which  show  that  the 
bright  component  of  U  Sagittae,  of  spectral  class  B9n,  becomes 
totally  eclipsed  in  the  deep  minimum  by  a  less  luminous  subgiant 
exhibiting  gG2  characteristics;  therefore,  in  agreement  with  the 
photometric  solution,  the  B9-star  must  be  the  smaller  one. 

The  light  curve  of  U  Sagittae  is  perfectly,  symmetrical  with 
respect  to  conjunctions  and  exhibits  no  indication  of  an  orbital 
eccentricity  greater  than,  say,  0.01.  Therefore,  for  the  purpose 
of  an  orbital  solution,  the  orbit  can  be  regarded  as  circular.  The 
"uniform"  and  "darkened"  solutions,  based  on  WendelFs  light 
curve,  have  been  carried  out  by  Shapley,"  and,  assuming  u  =  0.6, 
by  the  writer.   The  resulting  values  are : 


U 

0.6  D 

D 

ri 

0.220 

0.230 

0.238 

ft 

0.291 

0.295 

0.298 

i 

90" 

90" 

90° 

A 

11.7 

11.4 

11.0 

Elements  corresponding  to  any  other  intermediate  degree  of 
darkening  can  easily  be  obtained  by  interpolation.  The  eclipses 
result  central  irrespective  of  darkening.  In  addition  to  these 
values,  the  ratios  of  the  luminosities  A  at  XX6100  and  4300  were 
recently  determined  by  Walter    we  have 

X6100  A  =   6.2  Walter 

5300  11.4  Wendell  (0.6 />) 

4300  25.0  Walter 

If  we  plot  log  A  against  X,  the  relation  is  found  to  be  very  ap- 

»  Wendell,  H.  A.,  69,  82,  1909;  Nijland,  A.  N.,  229,  354,  1937;  Gadomski,  Wartaw 
Repr.  25,  1935;  Walter,  Zs.f.  Ap.,  16,  167,  1938. 

«0p.  eit.  iCf.,  also,  Shapley,  Princ.  Conlr.  3,  162,  1915). 
"Fowler,  AUegh.  Publ.  3,  11,  1916;  Joy,  Ap.  J.,  71,  336,  1930. 

»  Prinr.  CorUr.  3,  1915. 
«  Zh.  J.  Ap.,  16,  167,  193S. 
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proximately  linear,  and  expressible  as 

log  A  =  2.812  -  0.000329  X, 


(12) 


where  X  is  expressed  in  Angstroms.  With  the  aid  of  this  formula, 
A  can  safely  be  interpolated  for  any  wave  length  between  XX4000 
and  6000,  with  an  uncertainty  probably  not  exceeding  two  or 
three  per  cent. 

In  the  course  of  the  above  determination  of  the  geometrical 
elements  for  U  Sagittae,  the  form  of  its  components  was  supposed 
to  be  spherical.  In  reality,  however,  both  components  are  rota- 
tionally  and  tidally  distorted  and  their  equilibrium  forms  are 
ellipsoids.  The  spectroscopic  mass-ratio  of  U  Sagittae  is  tni/mt 
—  3.3  (Joy).  With  the  aid  of  the  above  radii  we  can  surmise  at 
once  that  the  departure  of  the  small  and  massive  primary  from  a 
sphere  is  likely  to  be  minute,  while  the  secondary  must  be  strongly 
distorted.  Application  of  the  eciuilibrium  theory  of  distorted 
poly  tropes  ^®  shows  that  if  the  density  condensations  of  botii 
components  are  pronounced,  and  ii  a  >  b  >  c  denote  their  semi- 
axes,  we  have 


The  distortion  of  the  primary  is  indeed  so  small  that,  within  the 
scheme  of  our  accuracy,  we  can  consider  it  a  sphere.    The  distor- 
tion of  the  secondary,  however,  is  relatively  large  and  its  effects  ' 
cannot  be  neglected.    Its  disc,  projected  on  a  plane  perpendicular 
to  the  line  of  sight,  will  be  an  ellipse  of  eccentricity  var\nng  with  i 
the  phase;  at  quadrature,  the  eccentricity  of  projection  will  be 
equal  to  that  of  the  meridional  plane  of  the  secondary  component,  , 
while,  in  conjunction,  it  will  be  equal  to  that  of  its  diametral  plane. 
This  would  simulate  an  increase  of  the  radii  ratio  with  increasing 
or  (as  Russell"  has  recently  pointed  out),  with  the  radii 
ratio  kept  constant,  the  effect  simulates  increased  limb  darkening. 
Thus,  the  effect,  on  the  light  curve,  of  the  unequal  form  of  both 
components  can  be  very  approximately  accounted  for  if,  in  the 
course  of  the  derivation  of  the  geometrical  elements,  a  propor- 
tionally higher  degree  of  darkening  is  adopted. 

'«  Cf.  (liandrasokhar,  M.  A'.,  93,  462,  1933. 
This  call  be  easily  verified  by  approximating  the  elUptical  boundary  of  the 
secondary  by  an  oecillating  circle.   The  radius  of  the  latter  diminishes  as  ^  increases. 
Thus,  if     >  ri,  ri/r*  inrreases. 
J.,  90,  641,  1939. 


6i/oi  =  0.996 
c,/ai  =  0.991 


hi/at  =  0.89 
ci/as  =  0.84 
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8. — The  orbital  period  of  U  Sagittae  is  known  with  a  high 
degree  of  accuracy.  Since  its  discovery  by  Schwab  in  1901,  this 
variable  has  been  under  nearly  constant  scrutiny,  and  its  period 
lia,s  seemed  to  be  constant.  It  was  not  until  recently  that  Joy 
Cop.  cit.)  suggested  the  possibility  of  a  periodic  term.  The  latest 
published  investigation  of  the  period  of  U  Sagittae  is  by  Gadom- 
ski.^*  He  has  found  that  the  minima  observed  from  1901  to  the 
present  time  are  at  best  satisfied  by  the  following  (heliocentric) 
elements : 

Alin.  =  J.D.  2417130.4171  +  3'^.3806184-^ 

-  0*^.0092  sin  (0M6 •  E  +  42°).  (I) 

Quite  recently  the  period  changes  of  U  Sagittae  have  been  studied 
also  by  Jacchia  on  the  basis  of  Harvard  plate  material.  The 
writer  is  indebted  to  Dr.  Jacchia  for  conununicating  the  results 
of  his  investigation  in  advance  of  publication.  Jacchia  finds  the 
elements  best  fitting  all  the  material  available  to  be : 

Min.  =  J.D.  2417130.4148  +  3 ''.3806184 

-  0  ^^.0040  sin  (0M07  •  £  -f  83°) ;  (II) 

that  is,  he  finds  Gadomski's  period  correct,  but  that  there  is  a 
small  shift  in  the  zero  epoch  (0*^.0023,  or  about  3  min.),  and  a 
smaller  amplitude  in  the  periodic  term.  It  is  estimated  that  the 
epochs  predicted  with  the  aid  of  tlie  elements  (II)  will  not  deviate 
from  reality  (within  the  years  1900-1940,  at  least)  by  more  than 
O'^.OOl,  which  corresponds  to  about  0°.l  in  the  phase  angle. 

As  regards  the  physical  significance  of  the  periodic  term,  we 
may  examine  first  the  possibility  that  it  could  l)e  invoked  to 
demonstrate  the  presence  of  a  third  body.  There  exist  two  spectro- 
scopic orbits  of  U  Sagittae:  by  Fowler (Allegheny,  1007-1911), 
and  Joy  (Mount  Wilson,  1926-1928),  and  the  resultiiig  velocities 
of  the  center  of  mass  are  closely  concordant.  In  addition,  during 
totality,  there  is  no  indication  of  another  spectrum  superposed 
on  that  of  the  G2  companion.  Hence  any  hypothetical  third 
body  could  have  only  a  very  small  mass.  Such  a  conclusion  is 
consistent  with  the  coefficients  of  the  periodic  term  in  (II)  which, 
interpreted  as  being  due  to  the  light  equation,  would  lead  to  a 
mass-function 

m:i^       i'      ^      ^«  - 

7 — x — r2  =  0.17  - 10-^  G  , 
(w  -h  miY  ' 

»•  WaT»aw  Repr.  25,  1935. 
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where  m  is  the  conibined  mass  of  the  ecHpsing  system ;  nizy  the 
mass  of  a  hypothetical  third  body ;  and  i',  the  incUnation  of  the 
third  orbit  to  a  plane  perpendicular  to  the  line  of  sight.  We  note 
at  once  that  unless  i'  is  exceedingly  close  to  0° — which  is  too 
improbable — the  mass-ratio  m^/m  must  be  very  small.  Inserting 
m  =  8.7  0  (Joy),  we  should  have,  very  approximately,  mz  sin  i' 
=  0.022  O.  No  star  of  such  a  small  mass  appears  to  be  known 
at  present;  but  since  observational  selection  operates  strongly 
against  the  discovery  of  companions  of  small  masses,  in  visual 
as  well  as  spectroscopic  pairs,  the  possibility  of  their  existence 
cannot  be  excluded. 

An  alternative  explanation  for  the  periodic  term  in  the  photo- 
metric elements  may  be  that  the  apsidal  line  revolves  in  a  slightly 
eccentric  orbit.   The  secondary  minimum  is  too  shallow  to  permit 
any  conclusions  about  the  direction  of  its  displacement,  and  thus 
provide  conclusive  proof  as  to  the  correctness  of  this  hypothesis. 
But  if  the  liypothesis  were  correct,  the  coefficient  of  the  sine  term 
as  derived  by  Gadomski  would  correspond  to  an  orbital  eccen- 
tricity e  =  0.009 ;  and  its  period,  to  a  ratio  of  the  revolution  of  the 
apsidal  line  to  the  orbital  revolution  U/P  =  2250;  whereas,  ac- 
cording to  Jacchia,  the  correspondin«»;  quantities  are:  e  =  0.004, 
U/P  =  3360.    The  two  spectroscopic  orl)its  (quoted  above  point 
to  somewhat  higher  or})ital  (H-ccntricities  (0.03-0.0()),  but  Luy- 
ten's rediscussion  has  shown  that  these  values  are  scarceh' 
significant,  and  that  a  circular  orbit  would  fit  the  spectroscopic 
observations  just  as  well.    It  is,  nevertheless,  interesting  to  note 
that  the  longitudes  of  periastron  as  derived  by  Fowler  and  Joy 
are  not  inconsistent  with  the  longitude  of  periastron  and  the 
rate  of  apsidal  motion  following  from  the  oscillations  of  the  orbital 
period. 

Let  us  suppose  the  hypothesis  of  apsidal  motion  to  be  correct. 
Application  of  the  Cowling-Sterne  formula  for  the  rate  of  advance 
of  tlie  apsidal  line  3delds  the  following  values  of  k  (that  is,  constant 
depending  on  the  mean  density  condensation  of  the  two  com- 
ponents; for  their  definition,  cf.,  for  instance,  Sterne,  M,  iV.,  99, 
451,  1939) : 

K  =  0.0043  (Gadomski)  k  =  0.0029  (Jacchia) 

Gadomski's  value  corresponds  to  a  density  condensation  specified 
«•  Ap.  J.,  84,  85,  1936. 
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by  the  polytropic  index  n  =  3.75,  and  Jaccliia's  value  to  n  =  3.87. 
The  latter  is  probably  nearer  to  reality. 

9. — In  1934,  U  Sagittae  became  an  object  of  spectrophoto- 
metric  study  at  the  Victoria  Observatory  by  R.  O.  Redman.  A 
series  of  beautiful  slit  and  slitless  spectrograms  in  different  partial 
phases  as  far  as  totality  were  secured  with  the  aid  of  the  72-inch 
reflector,  the  subject  of  study  being  the  center  to  limb  variations 
of  the  absorption  line  intensities."  In  1939,  Dr.  Redman  kindly 
sent  the  whole  series  of  spectrograms  to  Dr.  Shapley,  who  passed 
them  on  to  the  present  writer  for  further  study. 

Redman's  observations  extend  over  five  minima,  the  simmiary 
of  which  is  given  below.  The  first  column  of  the  tabulation  gives 
the  calendar  date;  the  second  column,  the  epoch;  the  third,  the 
computed  heliocentric  minimum  ^  the  fourth,  the  correction  for  the 
light  equation  in  the  sun-earth  orbit;  and  the  last  column,  the 
computed  geocentric  minima  (in  G.C.T.  throughout). 


Date 

B 

Min.  Hel. 
J.D.  2427000+ 

L.E. 

Min.  Geo. 
J.D.  2427000+ 

1934    Aug.  8 

3114 

657.6629 

d 

-0.0039 

657.6590 

14 

3116 

664.4241 

-0.0037 

664.4204 

18 

3117 

667.8047 

-0.0035 

667.8012 

Sept.  14 

3125 

694.8496 

-0.0020 

694.8476 

24 

3128 

704.9915 

-0.0014 

704.9901 

Table  I  contains  a  review  of  the  spectroscopic  material  avail- 
able. Successive  columns  jjjive  the  number  of  the  spectrogram  in 
the  Victoria  records;  the  kind  of  camera  employed  (sec  (explana- 
tions below  the  Table) ;  the  plate  (Eastman  33  or  40) ;  the  Julian 
Date  of  the  mid-exposure;  the  interval  from  the  neaicst  minimum 
(in  fractions  of  a  day) ;  the  corresponding  phase  angle ;  the  mean 
zenith  distance  during  the  exposure;  the  weight  of  the  spectro- 
gram, being  a  rough  measure  of  its  quality. 

For  more  details  concerning  the  instruments,  development  of 
plates,  etc.,  the  reader  is  referred  to  Redman's  paper  cited  above.* 
Exposure  times  of  the  slitless  spectrograms  were  short,  generally 
not  exceeding  10  minutes.  For  the  sUt  spectrograms,  however, 
exposures  ran  according  to  the  brightness  of  the  object  and  width 

«  See  Redman,  M.  A'.,  96,  488,  1936. 

*  The  writer  is  indebted  to  Dr.  Redman  for  a  personal  communication  giving  further 
details  concerning  the  calibration  of  the  plates. 


580  ZDENEK  KOPAL 


TABLl-:  I 


Sp.  No. 
Vict. 

iimr* 

Dm*'  of 
2427000  + 

Int. 
from 
Min. 

1 

Phase 
Angle 

Mean 

Totality: 





d 

o 

o 

23330 

s 

E40 

667.792 

-0.009 

1.0 

32.7 

23420 

ISS 

E40 

694.860 

+0.012 

1.3 

61.5 

1 

23331 

s 

E40 

667.820 

+0.019 

2.0 

37.0 

Partial  Phases: 

23419 

ISS 

E40 

694.800 

-0.048 

5.1 

48.3 

1 

23332 

•S 

K  40 

667.850 

+0.049 

5.2 

42.9 

1 

23228 

s 

E40 

657.722 

+0.063 

6.7 

31.8 

1 

23418 

ISS 

E40 

694.763 

-0.085 

9.1 

40.4 

1 

23333 

8 

E  40 

667..^S7 

+0.a86 

9.2 

51.1 

1 

23230 

8 

E40 

657.749 

+0.090 

9.6 

29.4 

^ 

23334 

8 

E40 

667.904 

+0.106 

11.3 

55.8 

1 

23417 

ISS 

E  40 

694.739 

-0.109 

11.6 

.35.9 

1 

2333.') 

s 

E  40 

667.917 

+0.116 

12.4 

6S.0 

I 

23231 

s 

E33 

657.801 

+0.142 

15.1 

36.4 

1 

23336 

S 

E40 

667.946 

+0.145 

15.4 

65.0 

I 

23232 

H 

E33 

657.820 

+0.161 

17.1 

32.8 

], 

23416 

IM 

i:  40 

694.681 

-0.167 

17.8 

29.3 

1 

23233 

8 

E33 

657.855 

+0.196 

20.9 

38.5 

i 

23475 

IS 

E40 

704.737 

-0.253 

26.9 

40.4 

1 

FuU  Light: 

23474 

IS 

E40 

704.701 

-0.289 

30.8 

34.1 

23473 

IS 

E40 

704.659 

-0.331 

35.3 

29.6 

{ 

23286 

s 

E33 

663.783 

-0.637 

67.  S 

36.0 

2328.J 

s 

E33 

663.771 

-0.(m9 

70.2 

29.6 

23284 

8 

E  40 

663.757 

-0.663 

70.6 

29.3 

23283 

8 

E40 

663.741 

-0.679 

72.3 

29.2 

23282 

S 

E33 

663.726 

-0.694 

73.9 

29.7 

23281 

8 

E33 

663.711 

-0.709 

75.5 

31.2 

23280 

8 

E33 

663.708 

-0.712 

75.8 

31.6 

s  =  slitless  spectrogram;  dispersion  136  A/mm  at  H7.  ISS  =  slit  spectroffram; 
92.3  A/mm  at  H7.  IS  =  slit  spectrogram;  50.8  A/mm  at  Hy.  IM  =  slit  spectro- 
gram; 30.1  A/mm  at  H7. 


of  the  slit,  from  26  minutes  up  to  100  minutes  during  totality. 
The  plates  were  calibrated  for  photometric  purposes.  Micro- 
photometric  tracings  were  secured  from  all  of  the  spectrograms 
with  the  aid  of  the  Harvard  Observatory's  micro-densitometer ; " 

some  of  the  negatives  in  important  phases  were  traced  two  or 

three  times  and  reduced  independently,  in  order  to  minimize 
accidental  errors  arising;  from  irregularities  in  the  plate  grain. 
The  writer  gratefully  acknowledges  the  assistance  of  Mr.  Lawrence 
H.  Aller  who  ran  all  the  tracings. 

As  we  have  seen  in  Section  4,  the  determinateness  of  a  solution 
giving  the  limb-darkening  coefficients  increases  with  increasing 

For  its  description,  see  H.  A.,  105,  99,  1937. 
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difference  between  the  A's  corresponding  to  tlie  two  different  wave 
lengths  in  which  nicasuroments  were  carried  out;  in  consequence, 
X  and  X'  should  be  as  widely  separated  as  possil)le.    In  our  present 
ca><:"  we  are  limited  in  the  ultra-violet  by  the  faintness,  during 
totality,  of  the  refrangible  end  of  a  (12  spectrum,  and  in  the  yellow 
l>y  a  rather  abrupt  decrease  of  the  plate  sensitivity.  Accordingly, 
tlie  two  wave  lonj^ths  selected  for  measurement  of  the  relative 
intensities  were  XX4050  (m  the  neighborhood  of  the  helium  line 
X4:026,  visible  on  some  of  the  plates),  and  4750.    In  the  reduction 
of   the  measurements,  differential  extinction  was  corrected  by 
means  of  the  atmospheric  transmission  coefficients  as  published 
in  Handbuch  der  Astrophysik,  2,  I,  206.    The  material  was  too 
scarce  to  enable  one  to  draw  any  conclusions  regarding  possible 
systematic  difference  between  the  slit  and  slitless  spectrograms; 
but,  owing  to  the  fact  that  very  broad  slits  were  used  throughout, 
these  differences  are  presumably  small  and  escaped  unnoticed. 

10. — Table  II  contains  an  analysis  of  the  observations  in 
partial  phases,  and  illustrates  numerically  the  procedure  of  com- 
puting the  darkening  coefficients.  Successive  columns  give:  (1) 
the  phase  angle ;  (2)  the  separation  of  the  centers  of  the  two  com- 
XK>nents  S;  (3)  the  quantity  p  =  (5  —  r2)/ri;  (4) -the  value  of  the 
fractional  decrease  in  intensity  a^j  the  eclipsed  disc  assumed  to  be 
uniformly  bright ;  (5)  the  value  of  corresponding  to  a  completely 
darkened  disc  ;  (6)  the  measured  ratio  of  the  intensity  gradient 
defined  as  Q  =  {I'/l)^'.  d' /l),„.„iuu',  and  (7)  the  intrinsic  weight  of 
the  phase  (proportional  to  (Q"  —  Q')). 


TABLE  II 


1 

p 

Q 

Wt. 

o 

5.1 

0.089 

-0.895 

0.962 

0.985 

1.21 

13 

5.2 

0.091 

-0.886 

0.958 

0.982 

1.23 

13 

6.7 

0.117 

-0.773 

0.895 

0.940 

1.40 

9 

9.1 

0.1.58 

-0..')95 

0.787 

0.844 

1.51 

4 

9.2 

0.160 

-0.586 

0.781 

0.838 

1.51 

4 

9.6 

0.167 

-0.556 

0.761 

0.819 

1.53 

2 

11.3 

0.196 

-0.4.30 

0.681 

0.735 

\M 

1 

11.6 

0.201 

-0.408 

0.668 

0.720 

1.57 

1 

12.4 

0.215 

-0.347 

0.629 

0.677 

1.59 

1 

15.1 

0.261 

-0.147 

0..504 

0..")31 

1.62 

i 

15.4 

0.266 

-0.125 

0.491 

0.516 

1  f»2 

i 

17.1 

0.294 

-0.004 

0.418 

0.430 

1.66 

i 

17.8 

0.306 

+0.048 

0.388 

0.395 

1.68 

i 

20.9 

0.3.-)7 

+0.270 

0.266 

0.247 

1 .68 

i 

2H.7 

0.452 

+0.683 

0.079 

0.053 

1.65 

i 
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Computation  of  the  coefficients  for  fifteen  equations  of  con- 
dition of  the  type  (8.11)  or  p  (8.12)  is  then  straightforward.  The 
values  of  /  and  g  depend  only  on  and  as  tabulated  above. 
The  ratios  of  the  luminosities  A  are  obtained  from  (12) ;  we  find 

X4050  :  A  =  30.2 
X4750  :       A'  =  17.8 

at  ^  =  0®.**  For  the  sake  of  numerical  illustration  of  the  method, 
the  equations  of  condition  are  given  explicitly  below ;  in  order  to 
facilitate  the  calculations,  equations  (4-6)  and  (7-15)  were  grouped 
into  one.   We  thus  have : 


No.  of 

Ohaervationa  Equation  Wt. 

(1)  0.324  .r  -  0.230  x'  =  0.059  1  3 

(2)  0.320  X  -  0.231  x'  =  0.054  1.3 

(3)  •  0.326  z  -  0.269  x'  =  0.039  0.9 
(4-6)  0.226  X  -  0.201  x'  =  0.029  1.0 

(7-15)  0.116  X  -  0.108  x'  -=  0.013  0.5 


and  the  normal  equations  take  the  forms : 

0.0859  X  -  0.0658  x'  =  0.0133 
0.0658  X  -  0.0507  x'  =  0.0101 

Solving  them,  we  obtain : 

X  =  0.4  db  0.2  (p.e.) 
x'  =  0.3  db  0.2  (p.e.) 

Hence 

X4050 :  w  =  0.5  ±  0.2  (p.e.) 
X4750 :       u'  =  0.4  d=  0.2  (p.e.) 

These  values  were  computed  with  the  geometrical  elements  corre- 
sponding to  0.6  D.  Owing  to  the  distortion  of  the  secondary 
component  (which  gives  rise  to  an  effect  simulating  increased 
limb  darkening),  these  elements  in  reality  correspond  to  a  true 
degree  of  darkening  smaller  by  0.2-0.3  (r/.  Russell,  op.  cit.,  p.  670). 
Hence  the  agreement  between  the  assumed  and  resulting  darkening 
is  good  and  no  further  approximations  are  necessary. 

A  glance  at  the  above  equations  of  condition  shows,  however, 
that  as  the  eclipse  diminishes  the  coefficients  of  x  and  x'  approach 

To  the  values  of  A  has  still  to  be  applied  a  small  correction  due  to  the  reflexion 

effert.  In  systoms  with  large  A,  such  us  T'  Sasittae,  the  amount  of  the  priman"'-'' 
radiation  reflected  from  the  .secondary  may  represent  a  not  insignificant  contributioQ 
to  the  proper  luminosity  of  the  latter;  in  fact,  the  luminosity  of  the  secondar>'  will  be 
increased  by  a  small  factor  which  can  be  theoretically  evaluated  (c/.  the  WTiter's  forth- 
coming paper  in  the  Annals  of  the  New  York  Academy  of  Scif-nres,  Vol.  41;  H.R.  211). 
As  a  result,  the  "effective"  value  of  A  will  slightly  decrease  with  increasing  phase. 
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rapidly  a  common  limit — a  fact  which  adversely  affects  the  de- 
terminateness  of  the  solution  and  decreases  its  weight.  Yet,  in 
Section  4  we  have  seen  that  the  difference  Ax  can  be  determined 
under  existing  conditions  more  accurately  than  the  individual 
x's.  Let  us,  therefore,  introduce  £  and  Ax  as  unknowns  and  use 
(8.12)  as  our  equations  of  condition,  which  then  take  the  form: 


No.  of 

ObMnrations  Equation  Wt. 

(1)  0.094  £  +  0.277  Ax  =  0.059  1.3 

(2)  0.089  £  +  0.276  ^  =  0.054  1.3 

(3)  0.057  «  +  0.298  Ax  -  0.039  0.9 
(4-6)  0.025  £  -f  0.214  Ax  =  0.029  1.0 

(7-15)  0.008  *  +  0.112  Aj  =  0.013  0.5 


As  is  evident,  the  coefficient  of  Ax  exceeds  that  of  x  in  every  case, 
and  their  disparity  increases  rapidly  as  the  eclipse  diminishes. 
The  normal  equations  then  become : 

0.00518  X  +  0.0177  Ax  =  0.00318 
0.0177  X  +  0.0672  Ax  =  0.0115 

and  their  solution  is 

X  =  0.31  ±  0.21  (p.e.) 
Ax  =  0.08  ±  0.06  (p.e.). 

The  latter  corresponds  to 

u  -  u'  =  0.09  =b  0.06  (p.e.). 

The  probable  error  of  a  single  color-index  difference  2.5  log  Q) 
results  in  the  neighborhood  of  0'".01.*  The  weights  of  both  sets  of 
solutions  are : 

Vp^  =  0.023  Vp^   =  0.022 

Vpl^  =  0.018  ^ipZ  =  0.086. 

Thus,  the  present  example  does  show  that  in  favorable  cases,  such 
as  U  Sagittae,  a  series  of  moderately  accurate  color  indices  can 
yield  a  relatively  accurate  difference  between  the  darkening  coeffi- 
cients in  the  two  particular  wave  lengths. 

IV.  Application  to  U  Cepiiei 

11, — Another  well-known  system  to  which  the  present  method 
can  readily  be  applied  is  U  Cephei.    Geometrically  it  resembles 

*  The  reader  may  recall  that,  in  order  to  determine,  with  similar  precision,  the  co- 
efficient of  darkening  simultaneously  with  the  geometrical  elements,  from  a  light  curve 
observed  in  only  one  wave  length,  observations  at  least  ten  times  as  accurate  are 
necessary. 
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very  much  that  of  U  Sagittae.^^    It  has  already  been  the  subject 
of  a  similar  study  by  Rosenberg  ^  who,  however,  did  not  inx  esti- 
gate  adequately  the  nature  of  the  problem  and  contented  him- 
self with  a  semi-graphical  procedure.    His  results  for  the  darken- 
ing coefficients  of  the  AO  component  of  U  Cephei  (X4015,  u  =  0.20 ; 
X6165,  u  =  0.05)  are  much  smaller  than  those  we  have  just  found 
for  U  Sagittae  (spectrum  B9).   However,  a  glance  at  Rosenberg's 
graphical  representation  of  the  residuals,  from  the  general  trend 
of  the  color-index  variation  during  eclipse  (op.  cU.j  p.  75,  Fig.  3), 
shows  that  whereas  the  "uniform"  solution  exhibits  residuals 
increasing  in  magnitude  in  the  proper  direction,  in  the  "darkened  '* 
solution  no  significant  residuals  seem  to  remain.   The  latter 
solution  should  consequently  be  preferred,  but  is  difficult  to 
reconcile  with  coefficients  as  small  as  0.05  <  ii  <  0.20,  as  postulated 
finally  by  Rosenberg  (op.  dt.y  p.  81).    Therefore,  a  re-discussion 
of  Rosenberg's  data  by  the  method  applied  to  U  Sagittae  appears 
very  desirable.    Unfortunately,  Rosenberg  did  not  pul^lish  his 
original  observations  of  the  color  indices,  l)ut  only  a  general 
trend  of  the  color-index  variation,  presumably  obtained  hy  smooth- 
ing the  individual  observations;  nor  did  he  give  the  reader  any 
idea  as  to  the  prol)able  errors  of  any  of  liis  results.    An  application 
of  the  least-squares  method  to  such  material  may  seem  contrary- 
to  the  principles  of  the  theory  of  errors.    Nevertheless,  provided 
that  the  smoothing  was  performed  correctly,  the  procedure  is  still 
capable  of  yielding  correct  values  for  the  unknowns,  but  is  unable 
to  give  their  true  probable  errors. 

The  geometrical  elements  of  U  Cephei  were,  under  the  U  and  D 
hypotheses,  derived  by  Rosenberg  {pp.  cit.,  p.  78,  Tab.  VII) 
from  his  light  curves,  and  an  additional  solution  corresponding  to 
0.6  D  was  carried  out  by  the  writer.    We  have : 


U 

0.6  D 

D 

r\ 

0.203 

0.214 

0.222 

0.324 

0.322 

0.320 

i 

90" 

90" 

90" 

X4015:  A  =22.76 

X6165:  A'=  4.97 


"  Among  the  very  numerous  inve.stigations  of  U  Cephei  (c/.  Gcschichte  und  Lileratur, 
1,  27;  and  Ergdmungaband,  1, 264),  an  exhaustive  study  by  Dugan,  Princ.  Contr.  5, 1920, 
is  probably  the  best. 
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Table  III  illustrates  the  procedure  numerically.  The  headings 
of  the  columns  (analogous  to  those  of  Table  II)  are  self-explana- 
tory. The  values  of  Q  were  computed  from  Rosenberg's  color 
indices  (op.  cii.,  p.  74,  Tab.  V),  with  the  use  of  the  relation 

logQ  =  I  [(C./.),,,„,,„-  (C./.),]. 

The  observation  at  0*^.040  =  5°. 8;  that  is,  approximately  the 
moment  of  inner  contact)  was  excluded,  because  it  is  questionable 
whether  or  not  the  eclipsed  star  begins  at  that  moment  to  par- 
ticipate in  the  combined  light  of  the  system. 


TABLE  111 


1^ 

< 

p 

Q 

wt. 

e 

7.2 

0.126 

-0.916 

0.976 

0.991 

1.33 

2.3 

8.7 

0.151 

-0.798 

0.921 

0.957 

1.74 

3.8 

10.1 

0.175 

-0.686 

0.858 

0.906 

2.20 

3.4 

11.6 

0.202 

-0.560 

0.780 

0.834 

2.69 

2.5 

13.0 

0.225 

-0.4.-)3 

0.712 

0.764 

3.03 

1.8 

14.4 

0.249 

-0.340 

0.640 

0.685 

3.29 

1.1 

15.9 

0.273 

-0.228 

0.570 

0.604 

3.48 

0.8 

17.3 

0.298 

-0.111 

0.497 

0.517 

3.61 

0.3 

The  weights  of  the  observations  for  ^  >  18°  (p  positive)  are 
so  small  as  to  make  these  phases  virtually  irrelevant  for  the 

determination  of  limb  darkening. 

The  coefficients  of  the  equations  of  condition  of  the  type  (8.11) 
or  (8.12)  can  now  be  easily  evaluated  and  are  given  in  the  following 
tabulation : 


An 

An 

o 

7.2 

0.221 

0.064 

0.036 

0.057 

0.143 

8.7 

0.293 

0.111 

0.134 

0.182 

0.202 

10.1 

0.258 

0.124 

0.113 

0.134 

0.191 

11.6 

0.205 

0.120 

0.062 

0.085 

0.163 

13.0 

0.157 

0.104 

0.025 

0.053 

0.131 

14.4 

0.112 

0.080 

0.001 

0.032 

0.096 

15.9 

0.073 

0.0.')6 

-0.017 

0.017 

0.065 

17.3 

0.037 

0.029 

-0.015 

0.008 

0.033 

The  coefficients  of  the  normal  equations  of  the  type  (8.12)  then 
are: 

[.4  02.4  02]  =  0.0137  [^02^02]  =  0.0255 

[A02B02]  =  0.018()  C^o2l>02]  =  0.0142 

[A^iDQt}  =  0.0105 
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Solving  for  the  unknowns,  we  find 
It  =  1.0, 


Ax  ^  -  0.15, 


which  are  contradictory,  since  x'  would  have  to  exceed  unit\'. 
However,  it  is  easy  to  show  that  these  results  are  of  little  sig- 
nificance.   Their  weights  are : 


that  is,  the  residuals  for  U  Cephei  are  about  four  times  as  large 
as  the  residuals  for  U  Sagittae.  The  probable  error  of  2  is  then 
d=  1.7,  and  that  of  Ax,  ±1.3,  making  both  of  them  of  no  significance 
whatever.  Rosenberg's  material  thus  proves  to  be  inconclusive 
as  to  the  amount  of  limb  darkening  of  the  principal  component  of 
U  Cephei  or  its  variation  with  wave  length.  Deviations  of  the 
individual  color  indices  from  the  general  trend,  interpreted  by 
Rosenberg  as  quantitative  indications  of  limb  darkening  (prin- 
cipally at  d  =  ±  O'^.QSO),  are  not  systematic  enough  to  give  the 
solution  sufficient  weight. 


12. — From  the  theoretical  pohit  of  view,  the  ultimate  aim  of 
determinations  of  limb  darkening  coefficients  is  to  investigate  the 
extent  of  the  variation  of  K\/k  with  the  temperature  or  wave  lengtli. 
As  regards  the  sun,  it  has  been  pointed  out  by  Milne'"^  and  Lind- 
blad  that  the  observations  are  best  brought  into  agreement  with 
theory  on  the  assumption  that  kx  is  practically  independent  of 
wave  lengtli  and  equal  to  a.  The  agreement  becomes  nearly 
complete  if  the  blanketing  effect  of  the  reversing  layer  is  taken 
into  account.^^  Large  variations  of  kx  with  X,  as  required  by 
recent  theories  of  the  absorption  coefficients,  are  definitely  dis- 
proved in  case  of  the  sun;  or,  as  was  admitted  by  Pannekoek, 
''solar  phenomena  would  correspond  to  those  computed  for  an 
effective  temperature  of  over  7000**."  " 

For  YZ  Cassiopeiae  the  darkening  coefficient  has  been  de- 
termined by  Kron,  so  fiir  for  only  one  wave  length  (X4500).  Kron 

»•  M.  A 81,  375,  1921. 

^  I  'psala  Univ.  Arsskr.  1,  1920. 

»»  (y.  Milno,  Observatory,  51,  88,  1928. 

••A/.  A'.,  95,  734,  1935. 


Vpx  =  0.013, 


VpAx  =  0.017, 


but 


V.  General  Discussion 
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assumed  the  effective  temperature  of  its  primary  component 
(si>ectrum  A3)  to  be  10500°.  According  to  Pannekoek,  one  should 
expect  u  =  0.65,  wliile,  if  we  assume  a  constant  absorption  coeffi- 
cient, u  =  0.53.  The  observed  value  is  ti  =  0.49  db  0.04,  favoring 
undoubtedly  the  latter  alternative.  It  may  be  pointed  out  that 
an  effective  temperature  of  10600**  for  an  A3  star  is  probably 
somewhat  overestimated;  Kuiper*'  recently  gave  9400**.  With 
the  latter  temperature,  the  agreement  between  the  observed  and 
theoretical  values,  corresponding  to  a  constant  absorption  coeffi- 
cient, becomes  slightly  less  evident,  but  is  still  far  from  confronting 
us  with  a  serious  discrepancy. 

The  present  results  for  U  Sagittae  seem  to  point  to  a  similar 
conclusion.  The  darkening  coefficient  of  the  B9  component, 
within  the  interval  4050  <  X  <  4750,  is  found  to  be  nearly  con- 
stant, or  to  increase  but  slowly  with  increasing  frequency  of  light. 
According  to  Pannekoek,  u  should  increase  from  0.53  at  X4700 
to  0.67  for  X4050;  if  the  absorption  coefficient  is  constant,  u 
should  be  expected  to  increase  within  the  same  interval  from  0.55 
to  0.57.  The  probal)le  errors  of  the  present  results  are  rather 
large  and  do  not  permit  us  to  distinguish  between  these  alternatives 
unquestionably;  but  again  the  latter  alternative  is  apparently 
more  probal)lc. 

Thus,  so  far  as  the  present  observational  evidence  goes,  the 
agreement  between  the  observed  darkening  coefficients  and  those 
predicted  under  the  assumption  of  a  constant  continuous  absorp- 
tion coefficient  seems  significant.  The  absorption  coefficient 
need  not,  however,  be  strictly  independent  of  wave  length; there 
is  no  theoretical  reason  why  it  should  be,  and  observational 
evidence  is  still  far  from  being  ideally  accurate.  But  it  seems 
evident  that  such  large  variations  of  kx  with  X,  as  postulated,  for 
instance,  by  Pannekoek,  are  scarcely  admissible. 

In  conclusion,  the  writer  takes  pleasure  in  expressing  his  thanks 
to  Dr.  R.  O.  Redman  for  lending  his  spectrograms  for  the  foregoing 
study  of  U  Sagittae,  and  to  the  late  Dr.  W.  E.  Harper,  former 
Director  of  the  Dominion  Astrophysical  Observatory,  for  authoriz- 
ing their  use.  The  writer  is  further  deeply  indebted  to  Professor 
Henry  Norris  Russell  for  his  stimulating  interest  and  valuable 
suggestions,  to  which  the  present  paper  owes  a  great  deal.  He 
would  like  also  to  express  his  appreciation  to  Mr.  Lawrence  H. 
Aller  for  his  assistance  in  making  the  micro-densitometric  tracings. 

"  Ap.  J.,  88,  429,  1938. 
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Abstract 

The  present  state  of  knowledge  about  cosmic-ray  neutrons  is  reviewed.  The 
altitude  dependence  of  the  rate  of  production  is  investigated ,  employing  neutron  counters 
and  the  radio-balloon  technique.  A  rate  of  increase  with  elevation  is  found  which  is  equal 
to  that  of  the  soft  component.  Other  experiments  are  described  in  which  the  coincidence 
between  neutrons  and  showers  is  observed  at  two  elevations,  by  observing  the  simul- 
taneous discharge  of  neutron  and  shower  counters.  The  calibrations  and  controls  on  the 
experiments  are  described.  It  is  further  shown  that  a  cross  section  of  less  than  10~^ 
cm  sq.  will  suffice  to  account  for  the  observed  number  of  neutrons  if  they  are  produced 
by  photons.  In  summary,  the  altitude  dependence,  the  observed  coincidences  and  the 
cross  section  considerations  all  point  to  a  production  of  the  neutrons  by  the  soft  com- 
ponent presumably  by  a  nuclear  photodisintegration  process. 

Introduction 

Neutrons  constitute  one  of  the  important  components  of  the 
cosmic  radiation.  Experiments  have  shown  that  they  are  ap- 
proximately equal  numerically  to  the  charged  particles  in  the 
radiation.  Studies  have  been  made  by  Rumbaugh  and  Locher  ^ 
who  sent  photographic  plates  up  to  an  elevation  of  72,000  feet 
at  the  time  of  the  National  Geographic-U.  S.  Army  Air  Corps 
flight  of  the  balloon  Explorer  II,  and  also  by  Schopper  ^  and  others, 
using  similar  technique.  In  these  experiments  a  rapid  increase 
of  the  neutron  intensity  with  elevation  was  observed,  but  a  quanti- 
tative interpretation  of  the  photographic  plate  data  in  terms  of  an 
absolute  rate  of  neutron-production  is  difficult,  owing  to  our  scant 
knowledge  of  the  range-energy  relationship  of  various  nuclear 
particles  in  gelatine. 

The  neutron  intensity  was  also  measured  by  Funfer '  who 
employed  a  boron-lined  ionization  chamber  and  linear  amplifier 
near  sealevel  and  at  the  top  of  the  Zugspitze.  Von  Halban, 
Kowarski  and  Magat  *  conducted  an  airplane  flight  over  Paris, 

»  L.  H.  Rumbaugh  and  G.  L.  Locher,  Phys.  Rev.,  44,  855  (1936). 
«  E.  and  L.  SchopptT,  Phys.  Zrits.,  40,  22  (1939). 
=•  E.  Funfer,  Zeits.f.  Phys.,  Ill,  351  (19aS). 

*  H.  V.  Halban,  I>.  Kowarski  and  M.  Magat,  Camples  Rerulus,  208,  572  (1939). 
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up  to  an  elevation  of  30,000  feet  (3  meters  of  water  equivalent 
below  the  top  of  the  atmosphere),  in  which  they  measured  the 
neutron  intensity  by  observing  the  induced  radioactivity  in 
bromine.  At  the  Bartol  Foundation,  tlie  neutrons  at  sealevel 
have  been  measured  l^y  C.  G.  and  D.  D.  Montgomery,^  and  at 
high  elevations  by  the  radio  balloon  technique  by  Korff.''  The 
results  of  these  measurements  have  been  analyzed  by  Bet  he, 
Korff,  and  Placzek,^  who  have  discussed  the  history  of  neutron.- 
in  the  atmosphere,  and  who  have  shown  what  energy  distril)utions 
might  be  expected.  Whereas  all  of  these  observations  agree  on 
the  numerical  importance  of  the  neutron  component  of  the  radia- 
tion, very  little  is  known  at  the  present  time  regarding  the  process 
by  which  these  neutrons  were  produced.  The  experiments  to  be 
described  were  made  for  the  purpose  of  throwing  further  light  on 
the  mechanisms  of  production. 

The  neutrons  are  presumably  produced  in  the  atmosphere  by 
the  high  energy  cosmic  radiation.  Neutrons  are  not  believed  to 
be  primary  particles  because  of  their  theoretical  instability. 
Moreover,  it  would  be  difficult  to  account  for  the  observed  altitude 
dependence  and  energy  distribution  on  the  assumption  that  these 
neutrons  are  originated  outside  the  atmosphere.  We  may,  there- 
fore, examine  the  possible  production  processes  and  consider  the 
experimental  evidence  which  may  disclose  the  nature  of  such 
processes. 

There  are  two  chief  lines  of  evidence  which  provide  information 
regarding  the  production  mechanisms.  These  are,  (a)  the  number 
of  neutrons  as  a  function  of  elevation,  and  (6)  the  observed  coin- 
cidences between  neutrons  and  showers.    Some  new  experimental 

data  on  each  of  these  two  are  now  presented. 

Apparatus 

1.  Balloon  Apparatus. — The  instruments  used  in  investigating 
the  altitude  dependence  of  the  neutron  intensity  consist  of  a 
neutron  counter,  an  attached  amplifier  and  pulse  prolonging 
circuit,  a  radiobarograph,  and  a  radio  transmitter.  The  instru- 
ments are  carried  aloft  by  free  balloons  and  the  neutron  intensity 
as  well  as  the  atmospheric  pressure  is  automatically  transmitted 

»  C.  G.  and  D.  D.  Montgomery,  Phys.  Rev.,  56,  10  (1939). 

•S.  A.  Korff,  Revs.  Mod.  Phys.,  11,  211  (1939). 

7  H.  A.  Bethe,  S.  A.  Korff,  and  G.  Flaczek,  Phya.  Rev.,  57,  573  (1940). 
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by  .short  wave  radio  to  tlie  receiving  .station  on  the  ground.  This 
teclinique  has  been  previously  described  in  detaih'''  '^ 

The  counters  used  in  this  work  are  filled  with  boron  trifhioride 
gas.  A  neutron  captured  by  one  of  the  boron  nuclei  will  produce 
a  disintegration  and  the  resulting  alpha  particle  may  be  counted 
by  the  proportional  counting  technique.  Such  a  counter  will 
have  a  background  due  to  the  alpha  particles  produced  by  natural 
radioactive  contamination  of  the  walls  of  the  cylinder.  This 
background  may  be  determined  by  observing  the  counting  rate 
in  the  absence  of  neutrons.  Further  caUbrations  may  be  obtained 
by  operating  such  counters  in  the  presence  of  a  known  source  of 
neutrons,  due  allowance  being  made  for  the  geometry.  The 
corrections  to  which  these  counters  are  subject  have  been  dis- 
eiissed  elsewhere.^ 

2.  Coincidence  Measurements. — If  there  is  a  connection  between 
the  process  of  neutron  production  and  that  of  the  production  of 
showers,  then  it  should  be  possible  to  observe  coincident  discharges 
of  neutron  counters  and  shower  detecting  units.  In  order  to 
measure  the  coincidences  between  neutrons  and  showers,  a  neutron 
counter  and  a  shower  recording  tray  were  so  connected  that  coin- 
cident discharge  was  necessary  in  order  to  record.  The  neutron 
counter  was  one  filled  with  l)oron  trifluoride  gas,  of  the  type  dis- 
cussed above,  7  cm  in  diameter  and  42  cm  long.  The  pulses  from 
this  counter  were  fed  into  the  conventional  type  of  counter  am- 
plifier circuit.  A  shower  tray,  consisting  of  2,5  (leiger  counters 
arranged  in  parallel  according  to  tlie  method  described  by  Ramsey,'^ 
were  connected  to  a  circuit  so  adjusted  that  at  least  two  of  these 
counters  had  to  discharge  in  order  to  record  as  a  count. 

The  experimental  arrangement  is  shown  in  Fig.  1,  in  which  the 
neutron  counter  will  be  seen.  Under  the  neutron  counter  is  a 
slab  of  lead,  to  act  as  shower  producing  material.  The  neutron 
counter  is  placed  above  the  lead  in  order  to  minimize  the  effect 
of  large  showers  produced  in  the  lead,  which  might  cause  the 
counter  to  discharge.  A  neutron  produced  in  the  lead  will  have  a 
sufficient  probability  of  being  initially  produced  in  an  upward 
direction,  whereas  practically  all  of  the  showers  produced  in  the 
lead  will  be  directed  downward.    The  neutron  counter  is,  in 

•  S.  A.  Korff,  Rev.  Sci.  Inst.,  9,  250  (1938).  S.  A.  Korff  and  T.  H.  Johnson,  Rev. 
Sci.  Irut.,  10,  82  (1938). 

»W.  E.  Ramsey,  Phys.  Rev.,  57,  1061  (A),  (1940). 

"S.  A.  Korff  and  W.  E.  Danforth,  Phys.  Rev.,  55,  980  (1939). 
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addition,  surrounded  by  paraffin  for  the  purpose  of  slowing;  down 
the  neutrons  and  thus  increasing  detectiou  efficiency,  and  also  to 
scatter  neutrons  into  the  counter. 

Below  the  slab  of  lead  is  a  shower  tray,  and  below  this  is 
additional  paraffin  which  may  scatter  backward  any  neutrons 
ejected  downward  from  the  lead.   The  neutron  counter  will  not 


Fig.  1.  Geomotrical  arraivKeniPnt  used  in  studyinf?  neutnui-shower  coincidences. 
A  is  a.  neutron  counter,  B  is  a,  slxower  tray.  Counting  rates  of  each  are  determined 
separately,  and  rate  of  coincidences  is  observed.  Showers  may  be  generated  in  the 
lead  block.   Neutrons  are  slowed  and  scattered  in  the  paraffin. 

respond  to  the  passaf2;e  througli  it  of  the  ordinary  particles  of  the 
cosmic  radiation,  or  of  showers  of  moderate  size,  the  Hmits  being 
discussed  below,  nor  will  the  shower  tray  detect  neutrons.  A 
coincidence  may  be  taken  to  indicate  that  at  least  two  ionizing 
particles  have  passed  through  the  shower  tray  at  the  same  time 
that  one  neutron  was  recorded  by  the  neutron  counter,  the  simul- 
taneous ionizing  particles  being  presumptive  evidence  that  a 
shower  was  created  in  nearby  matter. 
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The  circuit  used  is  shown  in  Fig.  2.  It  will  be  seen  that  this 
is  a  normal  coincidence  circuit,  with  a  resolving  time  of  about 
10"'*  second.  This  time  was  selected  from  a  consideration  of  the 
mean  lifetime  of  neutrons  in  paraffin  in  order  to  increase  the 
efficiency  of  the  unit  by  allowing  neutrons  to  be  counted  after 
they  had  been  slowed  down  in  the  paraffin. 


Fig.  2.  Diap-am  of  circuit  ased  to  study  neutron-shower  coincidences.  Re- 
sistances are  in  ohms,  capacities  in  microfarads.  Pulses  from  neutron  counter  (A'^)  and 
shower  tray  {ST)  are  fed  through  standard  three-stage  ampHfier  and  coincidence  circuit, 
and  operate  a  thyratron  recorder  {!{).    Stabilized  voltage  source  below. 


Observations 

The  observations  on  the  neutron  intensity  made  with  the  aid  of 
balloon  flights  are  presented  in  Table  1.  The  observed  number  of 
counts  per  second  (n)  of  the  counters  in  the  several  experiments, 
the  counter  volume  (F),  and  the  pressure  (p)  in  atmospheres  of 
the  BF3  in  the  counters  are  listed.  The  rate  of  production  (q) 
per  gram  of  air  per  second  of  the  neutrons  by  the  cosmic  radiation 
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is  determined  b}^  (n)  through  the  equations  discussed  below.  In 
these  balloon  flights  the  neutron  counter  is  in  the  free  atmosphere 
and  no  paraffin  is  used. 

TABLE  1 


Observed  Counting  Rate  of  Neutron  Counter  as  a  Function  of  Elevation 
AND  Values  of  q,  the  Rate  of  Production  of  Neutrons  in  Air  by  the 
Cosmic  Radiation,  fbom  Balloon  Flight  Data 


number 

Elevation, 
meten 

Atinoepherie 
depU),  water 
equivalent 

n 

obeerred 
neutron- 
oounta 
per  see. 

V 

counter 
volume,  CO 

p 
BF« 
atm. 

9  , 
rate  of 
inroduetioa 
per  srani 
per  see. 

24 

4200  m 

6  m 

1/120 

147 

0.1.58 

f)..-)XlO  * 

24 

7200 

4 

1  /  4n 

147 

0.1  :)S 

1.9XlO-» 

21 

7200 

4 

1/60 

240 

0.075 

L7X10-» 

The  ob.served  rates  of  production  of  neutrons  in  paraffin  (Q)  on 
Mount  Washington  and  near  sealevel  are  shown  in  Table  2. 
The  value  of  Q  is  for  paraffin,  and  is  calculated  from  eq.  1  below. 


TABLE  2 

The  Obsbbved  Ratbs  of  Pboduction  of  Nbutbons  in  Paraffin  at  Two  Elstatioks 
Note  that  Q  should  not  be  compared  with  g,  without  considering  transition  ^ecU. 


Elevation,  meters 

Depth 

n 

V 

p 

Q 

Bartol,  100  m  

10.4 

0.017 

1450 

0.5 

3.3  X 10-* 

Mt.  WashiiiKton  Observa- 

tory', 1925  m  

8.0 

0.1 

1450 

0.5 

1.9X10* 

In  this  case,  (/O  is  tlie  difference  between  the  counting  rates  of  a 
neutron  counter,  with  and  without  a  cadmium  shield,  and  is 
therefore  a  measure  of  the  slow  neutrons  in  the  paraffin. 

Finally,  the  observed  rates  of  coincident  discharge  of  the 
neutron  and  shower  counters  for  two  elevations  are  presented,  as 


TABLE  3 

Counting  Raiks  Observed  in  Neittron-bhowsr  Coincidbncb  Expbrucbnts  at 
Two  Elevations,  as  well  as  Control  Experiments 


Elevation 

Depth, 
meters 
of  water 

Counting  rate,  counts  i>er  second 

N'putron  counter 
alone  (r n) 

Slmwcr  tray 
alone  (('.) 

Neutron-shower 

coincidences  {Cc) 

Bartol,  100  m  

Mt.  Washington  

10.4 
8.0 

0.017 
0.1 

0.14 
0.74 

3.8X10-' 
2.5  X 10-* 

0  in  22}  hours 
0  in  20  hours 

Bartol:  Controls:  Cadmium  shield  on  neutron  counter  

BFj  counter  voltage  lowered  

i 


Copyrighted  material 


PRODUCTION  OF  NEUTRONS  BY  COSMIC  RADIATION  595 


well  as  the  individual  counting  rates  of  the  neutron  counter  and 
shower  tray,  in  Table  3. 

Discussion 

A,  AUiiude  Dependence 

The  results  of  the  measurements  of  the  rate  of  neutron  pro- 
duction at  various  altitudes  are  plotted  in  Fig.  3,  as  a  function  of 


4  5  6  7  8  9  10 

METERS  OF  WATER 


Fio.  3.  Neutron  intensity  as  a  function  of  altitude.  Left-hand  ordinates,  relative 
mtensities,  sealevdi  being  unity.  Right  hand  ordinates,  rate  of  production  of  neutrons, 
q,  per  gram  per  second  by  tJie  rosmic  radiation.  Lower  curve,  total  cosmic  ray  intensity. 
Circles,  big  bursts.  Parallelism  of  altitude  dependence  of  neutrons  and  soft  component 
indicated. 

atmospheric  depth  in  meters  of  water  equivalent.  On  the  same 
diagram  the  altitude  dependences  of  (a)  the  total  cosmic  ray 
intensity,  from  the  data  at  corresponding  geomagnetic  latitudes 
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obtained  by  Bowen,  Millikan  and  Neher,^^  and  (h)  the  large  bursts, 
from  the  observations  of  Montgomery  and  Montgomery,^*  are 
also  plotted.  It  will  be  noted  that  the  rate  of  increase  of  the 
neutron-production  with  altitude  is  roughly  the  same  as  that  of 
the  big  bursts,  while  it  is  faster  at  low  elevations  than  the  rate  of 
increase  of  the  total  cosmic  ray  intensity.  At  higher  elevations, 
where  the  soft  component  produces  the  bulk  of  the  total  ionization, 
the  total  intensity  and  the  neutron  production  increase  at  the 
same  rate. 

The  left  hand  ordinates  are  relative  intensities  applicable  to 
all  the  various  quantities  discussed,  and  plotted  on  a  logarithmic 
scale.  All  altitude  dependences  are  expressed  in  terms  of  a 
common  point,  the  intensity  of  each  at  sealevel  being  taken  as 
unity.  The  right  hand  ordinates  are  applicable  only  to  the 
neutron  intensities  and  are  the  values  of  q,  the  rate  of  production 
of  neutrons  per  gram  per  second  in  the  atmosphere.  They  are 
computed  from  eq.  12  of  the  analysis  made  by  Bethe,  Korff  and 
Placzek.^  In  this  analysis  it  was  shown  that  the  coimting  rate  of 
(n)  counts  per  second  of  a  counter  in  air  is  related  to  (q)  through 
the  equation: 

where  V  is  the  volume  of  the  counter,  p  the  pressure  in  aim.  of 
BFs  therein,  <ri>  the  capture  cross  section  of  BFs  for  neutrons  and 
ffA  that  for  air.  Taking  account  of  the  isotope  ratio  in  commercial 
BFs,  we  may  take  (fd  as  approximately  550  X  I0~"  sq.  cm.  If 
we  take  as  1.5  X  10~",  then  the  observed  (n)  and  V  and  p 
in  Table  1  determine  the  values  of  q  there  listed. 

We  may  next  consider  the  neutron  observations  in  Table  2. 
In  this  case,  a  large  amount  of  paraffin  surrounds  the  counter,  with 
the  result  that  few  neutrons  from  the  outside  will  reach  the  counter, 
but  instead  the  counter  will  measure  those  produced  in  the  paraffin. 
Since  carbon  and  nitrogen  nuclei  are  quite  similar,  we  may  expect 
that  the  rate  of  production  of  neutrons  by  the  high  energy  cosmic 
radiation  will  not  be  very  different  in  the  two  stibstances,  and  we 
may  use  eq.  1,  substituting  for  a  a  the  capture  cross  section  for 
paraffin.  If  we  take  this  to  be  10"^^  sq.  cm,  then  the  values  of  Q 
for  paraffin  will  be  those  in  Table  2.  We  must  recall,  however, 
that  while  the  paraffin  surrounding  the  counter  is  thick  for  neu- 

"  I.  S.  Bowen,  R.  A.  MiUiksn  and  H.  V.  Neher,  Phy».  Rev.,  S3,  855  (1938). 
u  C.  G.  and  D.  D.  Montgomery,  Phya.  Rev.,  47.  429  (1935). 
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irons,  it  is  not  thick  for  the  cosmic  radiation.  Whatever  com- 
ponent produces  neutrons  may  be  expected  to  show  a  transition 
effect,  and  the  values  for  q  and  for  Q  are  therefore  not  necessarily 
comparable. 

B.  Coincidence  Measurements 

We  will  now  discuss  the  interpretation  of  the  neutron-shower 
coincidence  experiment.  Let  us  designate  by  Cs  the  counting 
rate  of  the  shower  tray  when  operating  by  itself,  by  Cn  that  of  the 
neutron  counter  when  operating  by  itself,  and  by  Cc  the  counting 
rate  of  the  arrangement  in  coincidence.  Further,  let  E,  be  the 
efficiency  of  the  shower  tray  in  detecting  showers,  and  En  that  of 
the  neutron  counter  in  counting  neutrons,  so  that  the  total  number 
of  showers  will  be  C/E,,  and  the  total  number  of  neutrons  Cn/En* 
Designate  by  Z  the  total  number  of  events  in  which  both  a  shower 
and  a  neutron  are  produced,  so  that  Z  =  Cc/EJEt,  We  may  now 
inquire  what  fraction  of  the  total  number  of  showers  S  are  showers 
in  which  a  neutron  is  produced.   This  fraction  will  be: 

Z/S  =  Cc/EX.,  (2) 

We  may  also  inquire  what  fraction  of  all  the  neutrons  (n)  are 
produced  in  processes  which  are  accompanied  by  showers.  This 
will  be: 

Z/n  =  Cc/E.Cn.  (3) 

It  will  be  recalled  that  the  efficiency  of  such  a  neutron  counter  in 
counting  slow  neutrons  will  be  given  by: 

En  =  MpanL,  (4) 

where  M  is  the  loschmidt  number,  L  is  the  length  of  the  average 
path  for  neutrons  passing  through  the  counter,  and  /;  is  tlie  pres- 
sure of  BF3  in  atm.  in  the  counter.  In  this  case,  p  was  0.5  and  /> 
was  7  cm.  The  value  of  an  depends  on  the  neutron  energies 
according  to  the  \/v  law,  and  if  the  neutrons  are  produced  near 
the  counter,  as  for  example  in  the  lead,  those  passing  through 
the  counter  will  have  more  than  thermal  energies.  If  we  suppose 
that  the  average  neutron  has  ten  times  thermal  velocity,  En  is 
5  X  10~'.    If  all  neutrons  are  thermal.  En  would  be  5  X  10~-. 

Using  the  lower  value  for  E^  and  the  observed  Cc  and  C„  we 
get  for  Z//S  about  6  X  10"^  This  would  suggest  that  roughly  6  in 
every  100  showers  have  a  neutron-producing  event  associated.  If 
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all  neutrons  were  thermal,  Zj&  would  be  6  X  10~*,  a  definite  lower 
limit  for  this  quantity  being  thus  established. 

Similarly  we  may  proceed  to  ascertain  whether  every  neutron- 
producing  event  is  accompanied  by  a  shower.  Our  knowledge  of 
Et  is  somewhat  uncertain,  for  it  is  impossible  to  allow  for  showers, 
one  ray  of  which  passes  through  the  tray,  or  others  in  which  several 
rays  may  pass  through  a  single  counter.  Also,  neutrons  produced 
in  showers  produced  below  the  tray  might  be  detected,  while  the 
showers  would  not.  In  the  limits,  if  is  2.7  X  10~',  then  Zfn  is 
unity  and  each  neutron-producing  event  is  accompanied  by  a 
shower;  while  if      is  taken  at  0.1,  then  Z In  will  be  2.7  X  10~*. 

We  may  also  compare  the  rate  of  production  of  neutrons  wath 
that  of  photons  in  the  lead  slab.  The  total  number  of  electrons 
below  a  lead  slab  has  been  measured  by  Swann  and  Ramsey. 
We  can  assume  that  the  number  of  photons  is  equal  to  that  of  the 
electrons.  The  observations  cited  include  all  electrons,  both 
those  directly  striking  the  lead,  and  those  produced  as  knock-ons 
by  mesotrons  in  the  lead.  They  find  8  X  10"^  electrons  per  cm.  sq. 
per  minute  below  a  piece  of  lead  5  cm  thick.  Since  a  5  cm  column 
contains  about  10  unit  lengths  in  radiation  theory,  0.8  photons 
are  produced  per  column  per  minute,  or  about  2.4  X  10~*  per  gram 
per  second. 

We  may  roughly  estimate  the  rate  of  production  of  neutron^  in  ' 
the  lead.    The  counter  surrounds  about  0.1  of  the  total  lead  area, 
and  hence  the  probability  that  a  neutron  ejected  in  a  random 
direction  will  pass  through  the  counter  and  be  detected  is  5  X  10~^ 
Then  in  2  X  10'  grams  of  lead,  Cc/5  X  lO"-*  X  2  X  10^  gives  | 
3.8  X  10~^  neutrons  per  gram  per  second.    Hence  the  ratio  of  the  , 
rate  of  production  of  neutrons  to  photons  is  1.6  X  10~*,  if  one 
neutron  is  produced  per  event.   This  figure  lies  within  the  limits 
for  Z/<S  above. 

It  must  again  be  emphasized  that  these  estimates  are  neces- 
sarily somewhat  uncertain,  since  it  is  impossible  to  make  exact 
allowance  for  the  different  way  in  which  geometry  will  affect 

neutrons  and  the  showers,  and  since  we  cannot  compute  En  or  E, 
accurateh'. 

It  will  be  recalled  that  lieavy  nuclear  particles  were  observed 
in  Anderson's  cloud-chamber  photographs,"  made  on  the  top  of 

"  W.  F.  G.  Swann  and  W.  E.  Ramsey,  P*y«.  iJw.,  57,  749  (1940)  and  58,  477  (1940). 
i<  C.  D.  Anderson  and  S.  H.  Neddermeyer,  Pfcya.  i2et>.,  50,  263  (1936). 
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Pike's  Peak,  occurring  in  113  out  of  9188  pictures.  Since  his 
cloud-chamber  was  counter-controlled,  about  one  per  cent  of  the 
ionizing  events  actuating  bis  apparatus  were  accompanied  by  the 
generation  of  nuclear  particles.  This  differs  by  less  than  an  order 
of  magnitude  from  the  values  of  Z/S  discussed  above.  Thus 
Anderson's  protons  are  produced  at  roughly  the  same  rate  as 
neutrons,  and  neutrons  would,  in  general,  not  be  seen  in  his  photo- 
trraphs  })ecaiise  of  the  small  recoil-cross  section.  Presumably  the 
protons  and  neutrons  have  a  common  origin  in  a  nuclear  disintegra- 
tion process. 

In  an  attempt  to  find  out  whether  neutrons  were  principally 
associated  with  lar^;e  or  with  small  showers,  the  showier  tray  was  so 
a<ljusted  that  at  least  four  counters  had  to  discharjzio  in  order  to 
record,  instead  of  two  as  before.  \\  itli  this  arrangement,  the 
counting  rate  was  only  about  50  per  cent  less,  in  coincidence,  than 
its  previous  value,  while  the  C,  for  four  ray  showers  was  about  one 
fourth  of  Cs  for  two  ray  showers.  Hence  the  neutrons  appear  to 
be  associated  chiefly  with  the  large  showers. 


It  is  necessary  to  consider  the  effects  due  to  gamma  rays.  In 
all  cases,  following  the  customary  procedures  in  proportional 
counting  technique,'''  the  neutron  counter  was  so  adjusted  that  it 
did  not  count  electrons.  That  it  did  not,  could  be  easily  ascer- 
tained by  bringing  some  radium  near  it.  It  will  be  recalled  that 
the  gamma  rays  from  radium  will  produce  secondary  electrons  by 
various  processes  in  the  counter.  The  largest  amount  of  ioniza- 
tion which  an  electron  can  produce  is  that  which  it  creates  when 
it  ends  its  range  along  the  length  of  the  counter.  In  most  of  the 
counters  used,  this  corresponded  to  about  50  Kev,  and  hence  the 
counter-voltage  was  so  selected  that  a  50  Kev  ionizing  event  was 
not  large  enough  to  record. 

In  the  case  of  the  balloon  flights,  a  calibration  was  made  in  the 
following  way.  The  neutron  counting  rate  was  determined  when 
a  10  milligram  radium-beryllium  neutron  source  was  in  a  lead 
block  8.5  cm  in  radius  and  located  40  cm  from  the  counter.  The 
counter  was  surrounded  by  approximately  6  cm  of  paraffin  ar- 
ranged with  irregular  geometry.  The  neutron  counting  rate  was 
then  observed.    Next  a  2  milligram  radium  source  was  brought 

"S.  A.  Korff,  Rev.  Set.  Inst.,  12,  94  (1941). 


C.  Factors  Affecting  the  Experiment 
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within  1  meter  of  the  apparatus  and  no  detectable  change  was 
observed  in  the  neutron  counting  rate.  When  the  radium  source 
was  brought  to  within  10  cm,  a  change  of  approximately  10 
per  cent  in  the  counting  rate  of  the  neutron  counter  was  not^. 

It  will  be  recalled  that  the  number  of  neutrons  will  not  be 
materially  diminished  by  8.5  cm  of  lead,  whereas  the  gamma  rays 
will  be  substantially  reduced.  It  was  estimated  that  the  gamma 
ray  flux  through  the  counter  due  to  the  radium-beryllium  source 
inside  the  lead  block  was  approximately  0.2  times  that  encountere<i 
in  the  stratosphere.  With  the  additional  radium  source  at  1 
meter,  the  gamma  ray  flux  was  approximately  double  that  in  the 
stratosphere,  while  with  the  radium  at  10  cm,  the  ganuna  ray 
intensity  passing  through  the  counter  was  some  200  times  the 
stratosphere  intensity.  It  was  noted  that  no  appreciable  change 
in  the  counting  rate  was  produced  by  the  gamma  rays  until  the 
gamma  ray  flux  through  the  counter  was  many  times  that  which 
the  instrument  would  encounter  in  the  stratosphere.  It  appears 
reasonable,  therefore,  to  conclude  that  the  gamma  ray  intensity 
in  the  stratosphere  does  not  account  for  an  appreciable  number  of 
the  discharges  of  the  apparatus  nor  does  this  intensity  produce  a 
decrease  in  the  efficiency  "  of  the  detecting  unit.  In  this  case  the 
counter  was  operated  at  a  potential  several  hundred  volts  below 
the  Geiger  threshold.  At  higher  voltages  the  effect  due  to  gamma 
rays  is  more  marked. 

In  the  neutron  detecting  unit  used  in  connection  with  the 
neutron-shower  coincidence  measurements,  it  would  require  a 
shower  of  approximately  1000  electrons  simultaneously  passing 
through  the  counter  to  create  as  much  ionization  as  is  produced 
by  an  alpha  particle  resulting  from  a  neutron-induced  boron 
disintegration.  The  counting  rate  of  this  counter  due  to  large 
showers  will,  therefore,  be  that  due  to  the  total  number  of  1000-ray 
showers  passing  through  the  counter.  Inasmuch  as  the  lead  and 
much  of  the  paraffin  was  located  below  the  counter,  and  since 
showers  in  the  main  go  downward,  it  does  not  seem  probable  that 
spurious  counts  due  to  1000-ray  showers  can  account  for  the  total 
number  of  observed  counts.  It  should  be  added,  however,  that 
the  shower  tray  under  the  lead  would  almost  certainly  discharge 
in  the  event  that  such  a  shower  took  place  in  the  matter  above  it. 

Further  controls  were  used,  to  make  certain  that  none  of  the 

»•  C.  G.  Montgomery  and  D.  D.  Montgomery,  Rev.  Sci.  Itul.,  II,  237  (1940). 
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observed  coincidences  were  due  to  pulses  coming  in  to  tlie  ap- 
paratus from  the  voltage  supply  line,  or  to  spurious  effects  induced 
by  one  part  of  the  set  on  the  other.  This  was  ascertained  by 
operating  the  set  under  normal  conditions  except  that  the  voltage 
on  the  BFa  counter  was  reduced  just  below  that  necessary  to 
produce  counts.  The  amplifiers  remained  sensitive  and  might  be 
e^cpected  to  record  pickup  or  induced  effects  if  any  existed.  No 
counts  were  observed  in  a  20  hour  run. 

Finally,  in  order  to  establish  that  the  coincidence  counts 
themselves  were  due  to  slow  neutrons,  a  cadmium  shield  was  placed 
over  the  neutron  counter  when  it  was  running,  and  known  to  be 
counting  coincidences  properly.  No  coincidences  were  recorded 
in  22 J  hours  with  this  arrangement.  This  sets  an  upper  limit 
to  the  counts  produced  by  accidental,  large  showers,  and  fast 
neutrons. 

D.  Possible  Sources  of  Neutrons 

Inasmuch  as  neutrons  are  not  thought  to  be  primary  particles 
for  reasons  of  their  instability  and  other  considerations  referred 
to  above,  we  must  consider  the  possible  processes  by  which  they 
may  be  produced  by  the  cosmic  radiation  in  the  atmosphere.  Any 
such  process  must  fulfill  three  requirements.  (1)  It  must  give  the 
correct  altitude  dependence.  (2)  It  mu§t  account  for  the  observed 
coincidence  between  neutrons  and  showers.  (3)  It  must  be  a 
process  with  a  reasonable  cross  section.  On  the  basis  of  these 
three  requirements,  we  may  analyze  several  possible  sources  of  the 
neutrons. 

1 .  Nevirom  Produced  by  Primary  Protons 

If  we  assume  that  10  per  cent  of  the  total  primary  (lux  of 
cosmic  rays  are  protons,  then  approximately  1  proton  per  square 
cm  per  minute  arrives  at  the  upper  limit  of  the  atmosphere.  This 
current  /  of  protons  must  produce  the  observed  A'  =  100  neutrons 
per  cm  sq.  per  minute  in  the  first  meter  of  water  equivalent  below 
the  top  of  the  atmosphere.  The  production  cross  section  (<r)  will 
be  given  by: 

N  =  laM, 

where  M  is  the  numl)er  of  producing  centers  (nuclei)  in  the  first 
meter  of  water.  If  we  take  M  =  2.7  X  \0-\  then  a  =  4  X  IQ-^' 
square  cm,  a  cross  section  wliich  appears  to  be  unreasonably  large. 


602 


S.  A.  KORFP 


2.  Neutrons  Produced  by  any  Primaries 

If  we  suppose  that  the  neutrons  are  produced  by  any  primary 
cosmic  ray  regardless  of  its  nature,  the  cross  section  calculated 
above  will  evidently  be  reduced  by  a  factor  of  10.  This  leaves  it 
still  too  large  to  represent  a  process  which  one  would,  on  the 
basis  of  present  knowledge,  reasonably  anticipate. 

3.  Neutrons  Produced  by  Photons 

If  we  suppose  that  the  neutrons  are  produced  by  photons  of 
more  than  say  about  10"  volts  whicli  are  present  in  the  radiation, 
then  at  a  depth  of  one  meter  of  water,  /  will  be  1000  and  the  cross 
section  will  be  4  X  10~-^  scjuare  cm.  This  cross  section,  while 
somewhat  larger  than  that  for  gamma-ray  photoneutrons,  does 
not  appear  to  be  unreasonably  large,  especially  if  one  considers 
that  the  cross  section  may  increase  with  increasing  photon  energ}' 
above  lOWolts. 

Further  information  may  be  gained  by  considering  the  altitude 
dependence  of  the  neutron  intensity.  We  have  shown  that  the 
intensity  increases  with  altitude  at  the  same  rate  as  does  the  soft 
component.  It  will  be  recalled  that  neutrons  are  essentially 
local  phenomena  and  seldom  diffuse  more  than  1  meter  of  water 
equivalent  from  the  place  where  they  are  produced.  Hence  we 
would  expect  the  intensity  of  neutrons  to  depend  upon  altitude 
in  the  same  manner  as  does  the  producing  agent.  Tlie  neutron 
intensity  as  a  function  of  elevation  is  shown  in  Fig.  3.  At  the 
low  elevation  the  altitude  dependence  of  the  total  intensity  is 
quite  different  from  that  of  the  neutrons,  suggesting  that  most  of 
the  neutrons  are  probably  not  produced  by  mesotrons  which 
constitute  most  of  the  cosmic  ray  intensity  at  sealevel.  At  the 
higher  elevations  where  the  total  intensity  is  chiefly  produced  by 
photons  and  electrons,  the  altitude  dependences  of  the  neutrons 
and  of  the  total  intensity  are  parallel. 

E.  Coincidences 

Finally  the  observed  rate  of  coincident  discharges  obtained 
with  the  neutron  counter  and  the  shower  tray  indicates  that  there 
is  a  connection  between  these  processes.    If  the  neutrons  were 

produced  chiefly  by  photons,  then  we  should  expect  just  such  a 
connection.  Hiere  will,  of  course,  be  more  photons  present  in  the 
larger  showers  and  the  coincidences  indicate  that  there  are  more 
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neutrons  associated  with  the  larger  showers.  Since  it  has  been 
shown  that  the  neutrons  do  not  carry  a  large  fraction  of  the  total 
cosmic  ray  energy,'  this  process  will  not  interfere  with  the  normal 
cascade  production  of  showers. 

We  may,  therefore,  conclude  tliat  while  any  cosmic  ray  particle 
can,  energetically  speaking,  produce  neutrons,  it  appears  probable 
that  most  of  the  neutrons  are  produced  by  the  photons  and  elec- 
trons in  the  soft  component.  Cosmic  rays  thus  provide  a  new 
line  of  evidence  for  a  high<energy  process,  the  photodisintegration 
of  nuclei. 
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Abstract 

The  present  paper  offers  data  on  tlie  cytology  of  D.  meUniogasier  eggs  and  early 
embryos  after  the  application  of  a  centrifugal  force  strong  enough  to  stratify  the  egg 

constituents  but  not  so  drastic  as  tn  inhibit  further  dovolopment.  Cortain  consistently 
occurring  structural  variations  found  in  larva:,  pupu;  and  in  the  adults  hatching  from 
centrifuged  eggs  are  discussed  in  reference  to  the  early  histological  pictures.  The 
results  are  aligned  with  those  obtained  by  Hegner  (1909)  in  Chrysomelid  beetles,  by 
Fauli  ri927)  on  Calliphora  and  Musca,  and  by  Reith  (1931  and  1932)  on  Campanotus 
and  Lasius. 

I.  Material  and  Methods 

Drosophila  melanogaster  eggs  were  obtained  from  the  Oregon 
R  stock  long  maintained  at  Washington  Square  College  of  Arts 
and  Science.  The  stocks  were  kept  in  the  laboratory  incubators 
at  25**  C. 

Fifteen  pairs  of  four-day  males  and  females  were  transferred 

from  bottles,  in  which  active  laying  had  occurred,  to  vials  contain- 
ing yeasted  haiiana-agar  slabs.  At  the  end  of  half  an  hour,  the 
first  egg-laying  slabs  were  discarded  and  replaced  by  new.  From 
these,  eggs  were  collected  at  known  intervals  for  centrifugation. 

Eggs  in  groups  of  twenty-five  were  carefully  oriented,  one  at  a 
time,  in  small,  deep  holes  dug  in  soft,  moistened  blotter  or  in  stiff 
agar  disks.  These  were  transferred  to  flat  bottomed  vials,  which 
were  wrapped  in  cotton  and  wedged  into  centrifuge  tul)es.  Speeds 
and  time  of  centrifugation  were  varied  over  a  wide  range  (from 
5  or  7  minutes  at  3000  r.p.m.  to  30  minutes  at  2400  r.p.m.).  The 
blotters  or  agar  blocks  were  kept  at  a  uniform  distance  from  the 
center  of  revolution,  and  the  same  centrifuge  (Size  No.  1,  Type 
SB,  manufactured  by  the  Independent  Equipment  Company)  was 
used  throughout  the  work.  Some  swerving  from  the  desired 
orientation  was  noted,  and  this  was  checked  when  the  eggs  were 
dechorionated  after  centrifugation.    If  subsequent  development 

*  Aided  by  a  grant  from  the  Penrose  Fund  of  the  American  Philosophical  Society 
of  Philadelphia. 
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were  to  be  followed  through  to  eciosion,  centrifuged  di't  liorionated 
e^gs  were  classified  into  {groups  Mccordiiifz;  to  tlie  angle  of  stratifica- 
tion of  the  egg  constituents.  Orientation  with  the  anterior  end 
centrifugally  placed  is  referred  to  as  anterior  centrifugation ;  with 
posterior  end  outward  as  posterior  centrifugation.  The  same 
descriptive  terminology  is  used  for  dorsal  and  ventral  orientation. 
Oblique  stratifications  are  spoken  of  as  antero-lateral,  postero- 
lateral, etc. 

For  studying  the  behavior  of  living  centrifuged  eggs,  Belarus 
solution  was  found  to  be  a  satisfactory  immersion  medium.  Eggs 
to  be  sectioned  were  pricked  in  FAA  solution,  and  after  the  usual 
procedures  of  embedding,  sectioned  ar  8a(  and  stained  in  Heiden- 
hain's  Iron  Hffimatoxylin,  Delafield's  Hematoxylin,  or  Harris 
stain. 

II.  Constituents  of  the  Early  Egg 

As  in  manj^  telolecithal  eggs  in  which  the  position  of  the  egg 
nucleus  is  ecentric,  the  centrolecithal  egg  of  Drosophiln  melano- 
gaster  shows  a  definite  polarity  and  a  certain  axial  distribution  of 
the  inner  egg-materials  in  the  normal  undisturbed  condition. 

At  the  anterior  pole,  in  granular  ooplasmic  islands  which  are 
practically  yolk-free,  the  egg  and  sperm  nuclei  lie.  Backward 
along  the  long  axis  the  yolk,  consisting  of  spherical  bodies  of  vary- 
ing sizes  within  vacuolar  areas,  becomes  somewhat  more  con- 
centrated toward  the  posterior  pole.  The  clear,  non-granular, 
outer  cortical  ooplasm  is  more  or  less  uniformly  distributed  over 
the  egg  surface.  It  occurs  in  slightly  gi-cater  concentration  jusi 
under  the  vitelline  membrane  at  the  anterior  pole,  and  at  the 
posterior  pole  where  it  has  the  form  of  a  thickened  cap  (pole- 
plasm)  heavy  with  definite  but  hue  granules,  once  thought  to  be 
germ  cell  determinants. 

III.  Experimental  Findings 

1.  Stratification  of  Eggs  in  Early  Cleavage  Stages. 

Early  eggs  centrifuged  for  thirty  minutes  at  2400  r.p.m.  (PI. 
I,  Fig.  1)  are  stratified  into  five  zones.^ 

(a)  White  Zone,  Centrifugally,  a  layer  of  heavy  white  ma- 
terial, which  is  non-staining  with  Iron  Hsematoxylin,  Delafield's 

*  The  description  refers  only  to  fixed  and  stained  eggs. 
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ITaematoxyliii  and  eosin,  or  Harris'  stain.  This  is  formed  by  the 
eoiifliience  of  tlie  white  vacuolar  material  which  in  the  normal  e^S 
i^nrrounds  the  heavier  yolk  bodies  or,  more  rarely,  occurs  as  clear 
spherules.  The  marginal  borders  of  this  zone  may  be  wavy  or 
crenulate  as  if  the  vacuolar  fusion  had  not  been  quite  complete 
when  reached  by  the  killing  agent. 

(6)  Yolk  Zone.  Next  in  weight  are  the  yolk  bodies  released 
from  their  surrounding  white  fluid  areas.  Tiiese  mass  together 
so  closely  as  to  crowd  out  other  cytoplasmic  elements.  A  gra- 
dation is  seen  within  this  zone;  the  larger,  heavier  granules  border- 
ing the  white  zone  just  described. 

(c)  Granular  Zone.  A  very  broad  zone  consisting  of  dark 
granules  of  uniform  size  and  staining  quality.  These  on  closer 
examination,  especially  in  regions  of  puncture  (for  fixation),  give 
the  appearance  of  a  fine  fibrillar  network.  The  fibrillar  fixation 
patterns  show  parallel  or  swirled  configurations,  or  "stress  lines" 
near  the  puncture  point.  At  times,  free  torn  fibrillae  mark  the 
region  where  the  needle  was  withdrawn.  The  egg  nuclei  lie  in 
this  zone,  and  fibrillae  follow  the  contour  of  their  walls. 

(d)  Pale  Zone.  Centripetally,  a  pale  zone  is  distinctly  separate 
from  the  third  or  granular  stratum.  It  is  more  homogeneous  in 
appearance  and  under  oil  immersion  uniformly  distributed  ex- 
tremely fine  granules  can  be  seen.  In  torn  sections  of  fixed  eggs, 
it  lifts  off  intact  from  the  underlying  fibrillae,  the  edges  of  which 
"fray  out"  along  the  Une  of  separation.  In  these  early  stages 
there  are  no  nuclei  in  this  zone,  though  spindles  and  resting  nuclei 
frequently  lie  against  its  centrifugal  border.  No  fibrillar  patterns 
are  visible.  It  is  suggested  that  this  zone  may  consist  partly  of 
cortical  ooplasm. 

(e)  The  Pole-plasm.  In  addition  to  these  zones,  there  is  one 
already  differentiated  layer  in  the  newly  laid  egg  which  is  moved 
slightly,  if  at  all,  from  its  normal  position,  and  which  if  it  does 
shift,  moves  as  a  whole.  This  is  the  posterior  pole-plasm  with  its 
granules,  which  because  of  its  continued  integrity  as  a  much  more 
strongly  basophilic  area,  and  its  fixed  position  at  or  near  the 
posterior  pole,  may  be  designated  as  a  fifth  zone. 

At  the  lower  centrifugal  speeds  (10  minutes  at  IGOO  r.p.m.) 
the  pole  zone,  d,  may  not  be  distinct  from  the  granular  zone,  c. 
The  other  zones  are  as  described  above,  the  elements  of  each  being 
less  densely  packed  together. 
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2.  Nuclei  in  Early  K>layes. 

Early  cleavage  stages,  centrifuged  for  30  minutes  at  2400 
r.p.m.,  may  show  a  giant  polar-body  complex  with  multipolar 
spindle  fibers  on  which  are  massed  large  numbers  of  chromosomes 
(PI.  I,  Fig.  2),  or  the  three  polar  bodies  may  be  separated  from 
each  other  and  pressed  with  such  force  against  the  vitelline 
membrane  that  they  come  to  lie  in  small  outpocketings,  and  thus 
strongly  resemble  the  typical  protruding  polar  bodies  of  eggs  of 
other  animals. 

Cleavage  nuclei  are  found  in  different  stages  of  mitosis.  The 
usual  synchronous  division  rhythm  has  been  disturbed  by  the 
continuous  force  applied  (Fig.  2).  (Jiant  cleavage  nuclei  are 
common  in  which  there  may  l)e  twice  to  three  times  the  normal 
amount  of  chromatic  material.  Lagging  chromosomes  are  found 
on  the  telophase  spindles.  Not  all  spindles  lie  parallel  to  the  axis 
of  the  force  applied.  Occasionally  spindles  may  even  lie  at  ri^^ht 
angles  to  this  force  (PI.  I,  Fig.  2).  All  nuclei  remain  in  the 
'^fibrillar"  zone,  c. 

3.  Stratificaiion  in  Preblasioderm  Stages. 

In  preblastoderm  stages  (ranging  from  2  to  3  hours  at  25**  C), 
centrifuged  from  6  minutes  at  1200  r.p.m.  to  7  minutes  at  3000 
r.p.m.,  the  zonation  differs  from  that  described  in  earlier  eggs  in 
one  important  feature.    Although  in  the  egg  center  it  is  often 

possible  to  recognize  four  zones,  a,  b,  c,  and  d,  a  layer  of  superficial 
cortical  ooplasm  (keimhaut)  and  the  nuclei  which  have  come  to 
lie  there  preliminarj'  to  blastoderm  formation,  do  not  shift  from 
their  position.  The  greater  part  of  the  egg  surface  is  covered  with 
the  keimhaut  in  which  the  prel)lastodermic  nuclei  have  been  held 
even  in  the  al^sencc  of  cell  l)oundaries.  Such  a  condition  must  be 
due  to  an  increase  in  viscosity  or  an  added  "rigidity"  of  the 
cortical  material  on  arrival  of  the  cleavage  nuclei. 

Nuclei  (vitellophags)  wliich  are  not  bound"  by  the  cortical 
ooplasm  aggregate  at  the  usual  nuclear  level,  i.e.,  within  the 
"fibrillar"  or  heavy  granular  zone  c,  and  may  be  so  numerous  here 
as  to  form  a  compact  tissue-like  mass. 

In  45-60  minute  eggs,  after  posterior  centrifugation  and  a 
subsequent  recovery  period  of  one  hour,  the  cortical  ooplasm  is 
of  unequal  thickness  at  different  levels  along  the  longitudinal 
axis.    Nuclei  in  the  thinner  layers  are  small,  in  thicker  layers 
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large,  and  although  not  separated  by  cell  walls  they  are  in  different 
stages  of  mitotic  division.  Preblastodermic  nuclei  are  frequently 
absent  at  the  anterior  end.  The  internal  nuclear  mass  is  es- 
pecially large  and  may  form  a  solid  core  at  the  "fibrillar"  level. 
In  some  the  large  yolk  platelets  are  packed  against  a  posterior 
l>lastoderm,  in  others  against  the  vitelline  membrane  from  which 
zone  e  has  shifted  slightly  to  the  right  or  left  of  the  midline  as  a 
compact  unit.  (Note  discussion  of  possible  causes  of  rotated 
abdomen  in  reference  to  this  type  of  stratification  in  later  section 
of  paper.) 

4.  Larvx  from  Centrifuged  Eggs. 

(a)  The  hatching  time  of  larvae  from  centrifuged  eggs  is  in- 
variably longer  than  normal,  but  varies  with  many  factors  such  as 
age  and  orientation  of  the  egg,  and  degree  of  dislodgment  of 
materials  at  the  time  of  centrifugation.  As  would  be  expected, 
the  younger  the  egg,  the  greater  the  delay.  In  general,  a  larger 
percentage  of  early  eggs  hatch  after  either  dorsal  or  posterior  than 
after  ventral  or  anterior  centrifugation.  The  larvie  which  fail  to 
pupate  }nit  continue  for  many  days  to  crawl  and  feed  have  doubt- 
less suffered  some  injury  to  Weismann's  ring,  which  has  prevented 
the  secretion  of  the  pupation  hormone  (Hadorn  and  Neel,  1938). 
Of  the  hatched  larva?  which  do  not  go  through  to  pupation,  many 
appear  normal  but  slntrcjish,  and  others  have  tracheal  tubes  in  a 
snarled  mass  postero-dorsally.  A  marked  torsion  or  partial  rota- 
tion of  the  lK)dy  along  the  antero-posterior  axis  whicli  will  also  be 
described  in  tlie  adult  fly,  may  be  observed  in  the  larval  stages 
(PL  I,  Fig.  3). 

(6)  Unhatched  larvae,  48-63  hours  of  age  at  25°  C,  have  also 
been  observed  in  active  movement  within  the  egg  membranes. 
Such  delayed  larvae  developed  from  eggs  centrifuged  anteriorly, 
antero-ventrally,  and  antero-dorsally,  vrry  frequently  have  mal- 
formations in  the  jaw  armature  (Pi.  1,  Fig.  3).  Common  varia- 
tions in  jaw  structure  are  knobbed  terminal  prongs,  scattered 
chitin  bars,  and  clumped  chitinous  masses.  These  malformations 
obviously  preclude  the  normal  hatching  procedure  leading  to  the 
rupture  of  the  opercular  membrane.  Sections  show  a  well  de- 
veloped proventriculus  in  almost  every  animal.  Mid  and  hindguts 
in  old  unhatched  larvae  are  often  greatly  distended  as  if  digestive 
fluids  had  been  secreted  in  quantity.  The  almost  total  absence  of 
.  yolk  in  these  larvae  together  with  the  distended  distal  ends  of  the 
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gut  cells,  a  coinmon  liistological  sign  of  secretory  activity, 
strengthen  this  interpretation. 

5.  Pupde. 

Torsion  is  strongly  marked  in  puparia  formed  by  larvre  in 
wliirh  rotation  of  the  body  on  the  long  axis  has  resulted  from 
ceutrifugation  (PI.  I,  Fig.  4).  The  posterior  tracheal  tubes  may 
be  laterally  rotated  (either  clockwise  or  counter-clockwise)  in 
respect  to  a  median  bilateral  plane  passing  through  the  head  and 
thorax.  Deletions  of  one  or  more  tracheal  endings  are  also 
common. 

6,  Adults. 

The  greater  percentage  of  flies  (an  average  of  60-70  per  cent) 
hatching  from  centrifuged  eggs  are  normal  in  all  external  charac- 
ters. This  may  also  be  true  after  centrifugation  at  much  higher 
forces  (Shapiro,  1938).  As  a  rule,  the  older  the  egg  when  centri- 
fuged, the  higher  the  percentage  of  normal  flies  (except  in  eases  of 
extremely  prolonged  or  violent  centrifugation  which  produce* 
ruptures). 

The  various  adult  abnormahties  observed  fall  into  two  main 

categories : 

ia)  Deletions  or  Disloentions.  Right  or  left  antennjp  are  fre- 
quently missnig.  In  three  cases,  3-hour  eggs  centrifuged  for  20 
minutes  at  1000  r.p.m.  sliowed,  on  dechorionation,  the  heavy 
white  zone  and  heavy  yolk  thrown  antero-ventrally.  f'rom  tliese 
three  eggs,  adults  hat  died  lacking  one  antenna.  External  geni- 
talia may  be  absent  entirely,  or  the  genital  plates  may  be  pre-sent 
inside  of  the  abdomen  (as  in  the  mutant  fly,  abdomen  rotalum). 
They  may  be  recovered  by  dissection  and  identified. 

Dorsal  chitinous  abdominal  plates  often  fail  to  meet  in  the 
midline,  only  a  thin  chitinous  membrane  bridging  the  gap.  Ven- 
tral bristle  tufts  may  not  be  joined  in  one  median  zone,  but  remain 
separated  as  right  and  left  bristle  areas. 

(6)  Torsions.  From  rotated  puparia  already  described  as 
formed  by  twisted  larvae,  hatch  adults  with  varying  degrees  of 
body  torsion  (PL  I,  Fig.  5).  Observed  twistings  were  largely 
abdominal,  and  were  as  often  clockwise  as  counter-clockwise. 
Torsions  vary  tluough  all  degrees  of  rotation  up  to  a  180°  dis- 
placement. That  they  are  not  caused  by  lateral  tensions  exerted 
tiuough  deletions  of  dorsal  abdominal  plates  is  evident,  for  the 
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dort^al  eliitin  may  l)e  normal  both  in  extent  and  placement.  On 
following  through  individual  protocols  on  the  development  of 
dechorionated  eggs,  a  high  correlation  is  observed  between  ob- 
licinc'ly  centrifuged  eggs  (postero-lateral  centrifugation)  and  ro- 
tated adults.    Though  originally  oriented  with  posterior  poles 
outward  and  long  axes  parallel  to  the  force  applied,  eggs  often  slip 
or  shift  to  right  or  left  during  centrifugation.    When  dechori- 
onated, the  heavy  white  material  (of  zone  a)  and  yolk  (of  zone  h) 
are  seen  to  be  packed  terminal!}^  against  the  vitelline  membrane 
either  to  the  right  or  left  of  the  midline.    The§e  masses  of  heavy 
material  lie  in  such  a  position  that,  if  not  later  dislodged  or 
redistributed,  they  doubtless  serve  as  mechanical  obstructions  in 
the  subsequent  elongation  of  the  germ  band  (see  discussion). 

IV.  Discussion 

The  distribution  of  the  chief  mass  of  materials  in  centrifuged 
Dro«ophila  eggs  conforms  in  the  main  to  that  described  by  Pauli 
ri927)  in  eggs  of  Calliphora  and  Musca,  and  Hegner  (1909)  in  the 
eggs  of  the  C'lirysomelid  beetles.  Botli  observed  after  moderate 
centrifugation  (1)  a  centrifugal  yolk  zone,  (2)  a  central  plasma 
zone  with  cleavage  miclei,  and  (3)  a  light  zone  of  fatty  material. 
Pauli  also  found  after  prolonged  centrifugation,  that  the  yolk 
showed  its  dual  composition  by  separating  into  two  strata,  one  on 
each  side  of  the  plasma  zone. 

In  Drosophila  the  heavy  yolk  bodies  become  separated  from 
their  still  heavier  surrounding  fluid  and  the  two  stratify  as  sharply 
contrasted  layers.  It  is  probable,  therefore,  that  we  are  also 
dealing  here  with  two  kinds  of  yolk.  This  point  will  be  considered 
again  later  in  the  discussion. 

The  behavior  of  the  cortical  material  (keimhaut)  of  insect  eggs 
on  centrifugation  has  been  variously  described.  Hegner  stated 
that  on  weak  centrifugation  some  of  this  material  was  thrown 
centripetally,  while  still  stronger  forces  piled  up  the  entire  keim- 
haut at  the  centripetal  pole.  Pauli  also  found  that  the  keimhaut 
after  moderate  centrifugation  was  thicker  at  tlie  centripetal  end. 
After  prolonged  centrifugation,  it  was  entirely  lacking  from  the 
centrifugal  end,  nor  could  it  now  be  identified  at  the  centripetal 
pole  occupied  by  the  fatty  material.  She  reported  also  that  if 
cleavage  nuclei  had  not  formed  a  blastoderm  fby  migration  into 
the  cortical  ooplasm)  before  being  subjected  to  a  long  period  of 
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ccntrifu^ation,  they  would  lay  down  a  l)lastoderm  while  the  force 
was  being  applied,  but  only  at  the  centripetal  surface  of  thf 
"plasma  zone."  If,  on  the  other  hand,  the  nuclei  had  already 
reached  the  keimhaut  before  centrifugation,  the  entire  plasma 
region  was  found  to  have  a  well  formed  blastoderm.  Thouiili 
she  did  not  call  attention  to  the  holding  quality  of  the  cortical 
area  subsequent  to  nuclear  arri\'al,  evidence  is  here  indirectly 
given  to  substantiate  a  profound  change  in  its  viscosity. 

Reith  (1931,  1932)  in  his  experiments  on  the  ants  Campanotus 
and  Lasius,  found  that  the  degree  to  which  development  will 
proceed  after  centrifugation  is  linked  with  the  behavior  of  the 
cortical  ooplasm.  If  young  eggs  were  centrifuged  prior  to  the 
zonation  and  localized  thickening  of  the  cortical  ooplasm — a 
process  here  controlled  by  the  distribution  of  some  non-stainable 
material  from  a  posterior  activation  center — the  stratification  of 
egg  materials  prevented  further  development.  On  the  other  hand, 
once  the  cortical  ooplasm  had  streamed  into  its  normal  position 
and  pattern,  development  proceeded  after  centrifugation,  and 
germ  bands  formed.  In  the  Drosophila  egg,  we  have  no  evidence 
of  interaction  between  an  activation  center  and  the  remaining 
ooplasmic  material.  At  the  moment  of  fertilization,  a  clear  cortical 
zone  is  present,  slightly  thicker  at  each  egg  pole.  Evidence  of 
some  displaccMnent  of  this  material  by  centrifugation  is  seen  in 
the  early  cleavage  stages.  However,  if  the  cleavage  nuclei  have 
already  reached  the  cortical  layer  before  centrifugation,  though 
cell  walls  have  not  as  yet  separated  them  and  established  individual 
blastoderm  cells,  the  increased  rigidity  and  holding  quality  of  the 
surface  layer  is  very  striking.  Nuclei,  once  arrived,  are  not 
shifted  from  their  surface  position.  As  would  be  expected,  later 
eggs  show  a  much  greater  liatching  percentage.  All  these  data 
emphasize  the  essential  role  played  by  the  cortical  material  in  the 
establishment  of  the  first  development  pattern  and  suggest  that 
this  cytoplasmic  layer  and  the  cleavage  nuclei  so  react  as  to  form 
a  viscous,  sjrncytial  surface  layer,  or  preblastoderm,  in  which, 
subsequently,  localized  changes  occur. 

One  region  of  the  Drosophila  egg,  the  pole-plasm'  with  its 
granular  contents  (zone  e),  varies  in  behavior  from  the  other 
ooplasmic  constituents.  Even  in  tlie  earliest  stages  centrifuged, 
this  terminal  ci\p  letains  its  identity  as  a  more  rigid  area,  and 

^  Really  a  part  of  the  cortical  ooplasm. 
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though  shifted  sUghtly  from  its  original  position,  is  not  broken 
down,  nor  are  its  granules  displaced.  Similar  results  were  ob- 
tained by  Hegner  (1909)  who  reported  that  the  entire  mass  of 
polar  granules  in  the  beetle  egg  moved  into  the  central  plasma 
layer  as  a  unit  when  the  posterior  end  of  the  egg  was  placed 
centripetally.  The  granules  did  not  disperse  after  removal  from 
the  centrifuge,  although  other  egg  constituents  were  redistributed. 
In  Calliphora  and  Musca,  Pauli  was  unable  to  establish  the 
behavior  of  the  pole  plasm  and  its  granular  inclusions. 

Though  we  have  no  evidence  of  polar  material  streaming 
through  the  Drosophila  egg,  an  interesting  parallel  still  obtains 
between  this  obviously  specialized  area  and  the  activation  center 
("Bildungszentrum")  of  the  odonate  egg  (Seidel,  1982).  Entrance 
of  cleavage  nuclei  into  this  center  in  the  Platycnemis  egg  initiates 
the  streaming  forward  of  materials  (}uite  essential  to  further 
chemo-diil'erentiation  while  in  the  dipteran  egg  tlie  entrance  of 
cleavage  nuclei  (or  a  single  imcleus,  Kahle,  1908)  into  a  similarly 
placed  region  is  an  essential  precursor  to  the  softening  and  bulging 
of  the  terminal  membrane  and  setting  aside  of  primordial  germ 
cells.  Both,  then,  have  posterior  areas  in  which  chemical  changes 
are  brought  about  by  the  arrival  of  cleavage  nuclei. 

Some  points  of  interest  arise  in  considering  the  so-called 
"white"  zone  (a)  of  Drosophila  described  in  a  previous  section  of 
the  paper.  The  zone  is  derived  from  the  colorless  and  non- 
staining  material  originally  surrounding  the  yolk  spherules  or 
from  occasional  clear  vacuolar  areas.  This  colorless  part  of  the 
yolk  "vacuole"  lias  been  considered  by  Huetliier  (1923),  from  a 
study  of  stained  slides,  to  he  a  shrinkage  area  or  histological 
artefact.  Ral)inowitz  (193.S)  also  favors  this  interpretation.  ))ut 
adds  that  these  areas  "may  correspond  to  the  large  vitelline 
spheres  described  by  Nelson  in  tlie  egg  of  the  honey-bee."  Hasper 
(1911)  descri})ing  the  yolk  content  of  the  Chironomous  egg  speaks 
of  easily  soluble,  colorless  fat  drops,  the  refractive  index  of  which 
in  contrast  to  that  of  the  yolk  spheres  is  only  sUghtly  higher  than 
that  of  water,  and  Noack  (1901)  distinguishes  in  the  Calliphora 
egg  two  yolk  zones — a  primary  plasma-rich  peripheral  yolk  zone 
and  a  plasma-poor  yolk  zone  with  large  vacuoles  partly  confluent. 
Present  findings  strengthen  the  evidence  that  the  material  in  the 
Urosophila  egg  is  similar  to  the  colorless  fatty  material  of  C'hiro- 
nomous,  or  the  vacuolar  contents  of  Calliphora.    Special  killing 
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!Ui(l  dehydration  nietliods  followed  by  differential  staining  may 
lain  (l('((M'inino  whether  it  is  of  a  fatty  nature. 

With  the  picture  of  stratification  of  egg  constituents  in  mind, 
there  remauiH  to  be  considered  the  relationship  between  these 
imposed  nuclear  and  cytoplasmic  disturbances  and  the  normal  or 
abnormal  conditions  later  found  in  Drosophila  larvse,  pups,  and 
adults.  Evidence  of  isopotentiality  of  early  cleavage  nuclei  is 
clear  in  that  displacement  by  force,  through  altering  the  ususl 
course  of  nuclear  migration,  does  not  prevent  the  formation  « 
normal  larval  organs;  and  hatching  of  normal  achilis.  R^jpiure 
dvu'ing  ccntrifniration,  and  loss  of  some  material  has  l^een  obserrw 
in  prehlastodermic  stages.  This  would  easily  aceouni  for  Ti-e 
oei'asional  tleletion  of  an  organ  i^antenna  of  an  adults  Id  la't. 
sui'li  a  condiiion  would  be  in  complete  alignment  wiih  e^Lrijtf 
experimental  investigations  involving  the  removal,  by  priel~K|: 
of  egg  materials  (.llowland  and  I  liild,  1935)  and  the  subseqiiCL' 
al^sence  or  malformation  of  adult  organs  or  regions. 

To  interpret  the  larval,  pupal  and  adult  torsions,  howerw.  > 
a  moiv  vlit^icult  matter.    At  first  glance  it  would  s^m  thai,  c-jri::c 
centrifugation«  the  entire  terminal  egg  mass  had  swime  ttiigr 
clwkwise  or  counter-clockwise  in  reference  to  an  antero-potMcn  -  i 
longitudinal  axis,  and  remaining  in  this  position,  gone  on  ic<  fim 
the  l«r\*Hl  and  adult  organs  usually  laid  down  there.   rvjr-L  t;  | 
explanation  n^t^  on  the  false  a^i^mption  that  gra\-itati:c&.  vlL  \ 
acting  as  a  counterforce  during  centrifugation  is  of  s=Srfc»: 
stfiMigt))  to  shift  the  heavier  oi:;g  constituents  downirari  as^  -ir 
si r;t : if >  rov.: rilUiT:/.] y. 

Ti.o  study  of  liitioroiri  siraiiiu;i:ion  panen-s  ir.  e-i:i:f  : 
onau\i  .iftor  ivnTrifugation  and  gix^uped  in  v:ir:ou-  ^i-'tT  cie:-  •. 
tho  l\\>'.s  of  v  o.K  jx\<i:ion  of:\r>  another  and  -  ■;::-  :fr  >-:rf?f^^- 
It  w.-is  oi^^<T\c^i  th.it  a  largt  ixTv  t:.:;-^^  ■  -:  ■  ---^ 
"•^o^toriv-lsier:-}!  y\  ".k  :r.fi>>    t  vC'-  g:^^"t■  :w:-:ed  LiLr*  .g-  i^j:. 
u:,;vh  <v\^\i  as  "roiAUNi  fue^.    Normii-ly,  *  f  '  r  r*  :*:  -ini: 
Ksr.d  ;V.c  cv.rvc'i  jv>?:er:.>r  er.d  of  ihe  e£;g  n  :iif  ti.i.::'  • 

«r.d  Travi'.s  ^j\^r.g  :h:s  >lrx  n\ki-xiv>r?ally.    On  <N>::»rsi:ij:c  ir  _ 
ti>  12  :  .v,,rs  i:  fy/.v^T*^  c  — <:  :r  rt  v«^.  r-nixiTir  titf  i.: 

to  :;s  p^>>:eriwterr.ur.iil  po>::::'r..    Rui  if,  o-  exTer-sirc..  zins.  «r". 
VvAV..:  wenr  a\  > Vy  a  Leii-y  fr=i  riass  :c  ••cLiririir. 
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Attendant  conditions  often  found  as  for  example  internal 
genitalia — might  also  result  from  adhesions  and  infoldings  of  cell 
groups  along  the  surface  of  tightly  packed  yolk  masses. 

The  striking  similarity  between  rotated  flies  resulting  from 
centrifuged  eggs,  and  tlie  Drosophila  mutants  characterized  by 
rotated  abdomens  (ar/ey"  of  Baliajeff  1931,  and  others)  is  obvi- 
ous. In  the  mutant  stocks,  however,  the  puparial  case  shows 
no  asjnnQmetrj^  nor  do  the  larvae  appear  to  be  asymmetrical 
(Marengo  1941,  unpublished). 

V.  Summary 

1.  Early  eggs  of  Drosophila  melanogaster  centrifuged  for  five 
minutes  at  3000  r.p.m.  stratify  into  five  zones:  (a)  heavy  white 
zone  (probably  yolk  material)  centrifugally,  (b)  zone  of  yolk 
spherules  graded  among  themselves  from  large  to  small,  (c) 
^;ranular  protoplasmic  zone  with  nuclei,  (d)  pale  centripetal  zone 
partially  made  up  of  cortical  ooplasm,  and  (e)  the  posterior  pole 
plasm  really  a  portion  of  the  posterior  cortical  ooplasm  with  its 
contained  granules. 

2.  The  pole  plasm,  (a)  shifts  only  slightly,  if  at  all,  from  its 
original  terminal  position.  It  maintains  its  integrity  as  a  strongly 
basophilic  heavily  viscous  area  from  which  the  granules  are  not 
displaced. 

3.  Centrifugation  of  early  eggs  may  cause  a  breakdown  in  the 
normal  synchrony  of  nuclear  division.  Giant  nuclei  are  often 
foimd. 

4.  The  viscosity  of  the  cortical  ooplasm  shows  a  marked 
change  on  arrival  of  cleavage  nuclei  within  it.  Preblastodermic 

nuclei  are  not  dislodged  by  centrifugation,  even  though  cell  walls 
'.are  not  present  w^hen  the  force  is  applied. 

5.  The  hatcliing  time  of  larvje  is  increased  and  many  fail  to 
hatch  because  of  jaw  abnormalities.  Torsion  is  common  in 
hatched  larva*. 

6.  From  rotated  larva'  rotated  puparial  cases  are  formed. 

7.  Deletions,  dislocations,  and  abdominal  rotations  are  common 
ibnormaUties  in  flies  hatched  from  centrifuged  eggs.    A  large 

-  percentage  of  the  flies  which  hatch  are  normal  in  all  external 
characters. 
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Explanation  of  Plate  I 

Fig.  1.  Young  egg,  rentrifuged  antcro-ventrally,  dechorionated  and  sectioned 
longitudinally.  Stratification  oblique.  Five  zones  easily  identified  are:  (a)  white 
centrifu^l  zone,  {h)  yolk  zone,  (<  )  granular  zone  in  which  the  fibrillar  pattern  is  especially 
visible  near  the  puncture  point  (p),  (d)  pale  zone,  and  (e)  zone  of  pole  plasm  with  ita 
characteristic  granules.  Note  that  zone  (f)  has  not  moved  from  its  normal  positioa. 
The  micropylar  region  {ni)  of  the  vitelline  membrane  is  promment. 

Fio.  2.  Composite  diagram  of  the  anterior  end  of  an  8-celled  cleavage  stage  in 
which  stratifieation  was  oblique.  Two  zones  arc  shown  (d)  the  centripetal  pale  zone, 
and  (r)  the  granular  zone  in  wliieh  the  polar  body  complex  {p.b.c.)  and  eight  cleavage 
nuclei  (n-1  to  n-S)  are  found  lyuig  at  various  angles  and  in  various  phases  of  mitosis. 
Nuclei  1,  2,  3,  4,  6,  and  7  are  in  prophase;  nucleus  8  is  in  anaphase,  and  nucleus  5  is  in 
telophase  (heterocluony).    No  nuclei  have  lodged  in  the  pale  centripetal  zone 

Fio.  3.  Unhatched  rotated  larva  (or  late  embryo)  from  centrifuged  egg.*  Jaw 
armature  (j)  formed,  but  with  terminal  hook  detached  {h). 

Fig.  4.  Puparium  showing  rotation  of  terminal  region.  Posterior  teadieal 
openings  {tr)  are  lateral. 

Fig.  5.    Adult  with  rotated  abdomen  (r.o.)  from  centrifuged  egg. 

*  Acknowledgment  is  made  to  Dr.  Harry  Albaum  of  Brooklyn  College  for  this 
sketch.  Dr.  Albaum  and  Dr.  Samuel  Kai.ser  of  Columbia  University  are  interested  in 
another  phase  of  this  work. 
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BXPSRIMBNTAL  STUDIES  ON  THE  REPRODUCTIVE  PHYSI- 
OLOGY OF  THE  MALE  SPRING  PEEPER,  HYLA  CRUCIFER 


ROBERTS  RUGH* 
Washington  Square  College  of  Arts  and  Sciences,  New  York  University 

Abstract 

This  study  is  a  description  of  the  morphology  and  physiology  of  the  genital 
system  of  the  Spring  Peeper,  Hifla  criicifer,  and  includes  that  portion  of  the  excre- 
tory  system  with  genital  functions.    Taking  advantage  of  the  fact  that  the  anterior 
pituitary  hormone  will  cause  release  of  spermatozoa  from  the  testes  of  the  hibernating 
frog,  this  method  was  used  to  trace  the  path  of  sperm  from  the  seminiferous  tubule, 
through  the  vas  cffereus  and  into  the  kidney.    Within  this  organ  it  was  found  that 
o£   the  400  or  more  malpighian  corpuscles,  about  10  per  cent  (all  located  in  the 
«LTtterior  third  of  the  kidney)  are  seen  to  contain  spermatozoa  during  active  breeding, 
and  the  malpighian  corpuscle  represents  the  point  at  which  the  genital  and  the  urinary 
ducts  converge.    Spermatozoa  are  seen  abundantly  within  the  35—10  malpighian  cor- 
puscles, and  passing  outwardly  in  the  uriniferous  duets  (urino-genital  ducts)  through 
the  kidney  substance  to  the  ureter.    There  is  no  morphological  or  histological  evi- 
dence of  a  Bidder's  canal  (supposedly  passing  along  the  mesial  margin  of  the  anuran 
kidney)  which  might  carry  spermatozoa  to  the  ureter  at  the  posterior  tip  of  the  kid- 
ney (as  dracribed  for  European  forms)  and  it  is  shown  that  the  presence  of  such  a 
canal  is  functionally  unnecessary.    The  role  of  the  seminal  vesicle  is  more  important 
than  the  same  structure  in  other  frogs,  since  in  Hyla  crucifer  (as  in  toads)  each  egg 
emerges  from  the  female  cloaca  singly  and  must  be  inseminated  singly.    In  general, 
however,  the  genital  morphology  and  physiology  of  Hyla  orueifer  is  quite  frog-like, 
the  ma.ior  diflFerencos  relating  to  the  large  malpighian  corpuscles  in  the  reduced 
kidney,  as  compared  with  Eana  pipiens. 

The  general  morphology  of  the  various  anuran  urino-genital 

.systems  has  been  described  by  Spengel  (1876),  Kolliker  (1875), 
Neumann  (1875),  Nussbanm  (1886)  and  Packer  (1889)  on  Euro- 
pean frogs  and  more  recently  by  Hall  (1904)  on  Eana  si/Iratica, 
Filatow  (1904)  on  Nana  escidenfa  and  Gray  (1930)  on  Ba)ia 
tt  mporaria.    Studies  on  the  vasa  efferentia  were  made  on  some 
Australian  species  l)y  Georgiana  Sweet  (1908);  on  the  sexual 
portions  of  the  kidney  by  Biddei-  (1846),  Wiedei-sheim  (1886), 
:\[arshall  &  Bles  (1890),"  Hall  (1904)  and  Gray  (1930).  The 
structural  relationship  of  the  Bidder's  canal  to  the  genital  ducts 
was  described  by  Beissner  (1898)  and  its  evolutionary  sig- 
nificance was  suggested  by  Ponse  (1927).    It  was  Hyrtl  (1863) 
who  first  suggested  the  sex  function  of  the  malpighian  corpuscle 
and  Noble  (1931)  stated  that  the  smaller  corpuscles  alone  had 
the  dual  function  of  urine  and  sperm  transport. 

*  Aided  by  a  Orant  from  the  Penrose  Fund  of  the  American  Philosophical  So- 
ciety of  Philadelphia. 
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As  suggested  by  Gray  (11)30)  and  Xoble  (1931)  it  is  a  ver>' 
dangerous  practice  to  assume  similar  morphology  and  physiology 
even  for  closely  related  forms.  The  presence,  for  instance,  of 
a  Bidder's  canal  running  along  the  mesial  margin  of  the  anui  an 
kidney  and  joining  the  mesonephric  duct  (ureter  or  Wolffian 
duct)  at  the  posterior  extremity  of  the  kidney,  has  been  assumed 
for  all  American  species.  Such  a  canal  was  not  found  in  Rana 
pipiens  (Rugli  1939). 

Through  exj)erimentally  induced  sexual  activity  it  is  possible 
to  trace  the  sex  cells  from  their  gonads  to  their  destination.  If 
female  amphibia  are  studied  at  appropriate  intervals  after 
pituitary  treatment  the  course  of  eggs  (Rugh  1935)  and  of 
spermatozoa  (Rugh  1939)  can  be  followed  through  the  entire 
urino-genital  system.  The  findings  by  this  method  have  led  to 
certain  modifications  of  earlier  morphological  considerations, 
later  corroborated  by  micro-injection  of  india  ink  into  the  tracts 
themselves. 

It  is  the  purpose  of  this  study  to  point  out  the  major  differ- 
ences in  reproductive  physiology  of  the  male  Hyla  crucifer  as 
compared  with  the  larger  and  more  common  leopard  frog,  Rana 
pipiens. 

Matebiai^  and  Method 

The  subject  of  this  investigation  was  Hyla  cnicifcr,  variously 
known  as  Pickering's  Tree  Toad,  Pickering's  Hyla,  Peei)iiig 
Frog,  (^astanet  Tree  Frog,  and  the  Spring  Peeper.  AVliile  some 
of  its  breeding  reactions  may  be  more  toad-like,  general  morpho- 
logical considei-ations  place  these  animals  among  the  frogs. 
Specimens  wei-e  caught  in  their  native  habitats  during  the  latter 
part  of  March,  the  time  when  they  normally  emerge  from  hiber- 
nation. Hyla  crucifer  lives  in  lowland  swamps,  generally 
wooded  and  grassy.  Its  small  size  makes  it  a  very  difficult 
animal  to  find,  the  males  measuring  18-30  mm  and  the  females 
20-35  mm  in  body  length.  During  early  spring,  particularly  at 
night,  numerous  males  may  be  heard  issuing  their  shrill,  high- 
pitched  and  clear  call.  At  such  times  the  male  throat  pouch  is 
seen  to  enlarge  to  a  size  greater  than  the  head  of  the  animal 
itself.  The  males  squat  on  twigs  and  leaves  at  the  edge  of  the 
pond,  usually  under  some  overhanging  object,  ready  to  leap 
into  the  water. 
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The  male  Hylais  usually  dark  brown  in  color,  although  there 
is  great  color  variation  even  amoiifj:  s])ocimoiis  caught  at  the 
same  time  and  in  the  same  locality.    The  females  are  always 
lighter  in  color  than  the  males  and  show  tlie  characteristically 
l>iilky  abdomen  of  female  frogs.    In  the  lighter  colored  speci- 
xnens  of  either  sex  there  is  visible  on  the  dorsal  surface  dark 
bands  which  form  a  large  cross,  and  additional  bands  may  be 
seen  on  the  appendages.   The  snout  is  definitely  pointed,  pro- 
jecting somewhat  beyond  the  lower  jaw.   The  tips  of  the  fingers 
stre  provided  with  adhesive  pads  by  means  of  which  these  ani- 
mals can  cling  even  to  the  sides  of  a  smooth  glass  aquarium. 
The  fingers  are  not  webbed.   Folds  in  the  skin  and  a  definite 
<iarkening  beneath  the  jaw  of  the  male  distinguishes  it  from  the 
female. 

The  normal  breeding  period  of  Hi/la  crucifer  is  from  April  to 
.June,  although  in  the  Southern  States  this  same  s])ecies  is  known 
to  breed  as  early  as  February.  Temperature  is  undoubtedly 
the  major  factor  in  determining  the  breeding  season.  The  eggs 
are  v^ery  small,  and  of  a  light  brown  color.  A  single  female 
may  ])ro(liice  as  many  as  1,000.  The  eggs  ai'c  genei'ally  laid  at 
night,  with  pairs  of  animals  floating  at  or  near  the  surface  of 
tlie  water.  Eggs  are  liberated  from  the  female  singly  and  as 
the  egg  is  dropped  the  male  clamps  its  cloaca  over  the  point  of 
emergence  of  the  egg,  liberating  spermatozoa. 

The  specimens  used  in  this  study  were  caught  a  few  weeks 
before  they  would  have  become  sexually  active,  i.e.,  just  as  they 
emerged  from  hibernation.  They  were  segregated  into  pairs 
of  the  same  size,  caught  at  the  same  time  and  in  the  same  en- 
vironment. One  was  used  as  a  control  and  the  other  member  of 
each  pair  of  males  was  used  as  the  experimental  animal,  to  be 
treated  with  the  anterior  pituitary  hormone.  The  glands  in- 
jected were  excised  from  adult  specimens  of  the  leopard  frog, 
Rana  pipicns,  and  two  female  glands  were  injected  into  the  body 
cavity  of  each  of  the  experimental  animals.  From  9-36  hours 
after  injection,  various  animals  were  killed  and  their  entire 
urino-genital  systems  were  fixed  in  Bouin's  fluid.  The  controls 
were  injected  with  a  similar  amount  of  frog  brain  tissue  un- 
related to  the  pituitary;  were  kept  in  the  same  .'iquarium  as  the 
experimental  anim.-ds ;  were  killed  simultaneously  with  them; 
and  their  organs  were  similarly  fixed.   All  tissues  were  em- 
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bedded  in  a  mixture  of  90  per  cent — 58  C.  paraffin;  5  per  cent 
bayberry  wax  and  5  per  cent  beeswax.  This  mixture  had  a  melt- 
ing point  of  about  55  C.  and  allowed  sectioning  at  almost  any 
thickness  and  at  any  time  of  the  year  without  resorting  to  the 
use  of  ice  and  freezing  of  the  microtome  knife.  Sections  were 
cut  at  10  ft  and  the  entire  urino-genital  system  of  a  single  speci- 
men was  mounted  serially.  The  stain  used  was  Heidenhain's 
Iron-alum  and  Haematoxylin  with  no  counter  stain.  Destaining 
for  nuclei  hrought  out  the  spermatozoa  heautif uUy. 

Observational  and  Experimental  Data 

The  Testis 

The  testis  of  Hyla  crucifer  is  completely  blackened  by  pig- 
ment which  not  only  surrounds  the  organ,  beneath  the  i:)eri- 
toneum,  but  wliieli  also  encapsulates  each  of  the  seminiferous 
tubules  (PI.  I  and  PI.  11,  Fig.  1).    The  average  testis  measures 
about  2.15  mm  in  lengtli  and  has  a  thickness  of  about  1.10  mm. 
It  is  made  up  of  about  150-200  oval  shaped  seminiferous  tubules, 
each  morphologically  distinct  from  its  neighbor.  Interstitial 
tissue  is  negligible  and  trabeculae  cannot  be  identified,  but  each 
tubule  is  encapsulated  by  a  layer  of  pigment.   This  pigment  is 
lacking  in  all  other  frog  and  toad  testes  studied.   It  would  be 
difficult  to  determine  whether  there  is  any  change  in  this  small 
amount  of  interstitial  tissue  associated  with  breeding  reactions. 
Within  the  circle  of  connective  tissue  which  surrounds  each 
tubule  there  is  a  single  layer  of  flattened  epithelial  cells.  Xext 
may  be  seen  conically  projecting  masses  of  cells  which  are  jirolv 
ably  the  spermatogonia  held  over  for  the  following  season  ( PL 
II,  Fig.  5,  6,  and  PI.  Ill,  Fig.  8).    Tliese  masses  project  toward 
the  lumen  of  the  tul)ule  and  push  the  spermatozoa  toward  the 
center  of  any  cross  section  picture  of  the  tubule  (PL  II,  Fig.  1). 
The  wavy  outer  margin  of  the  sperm  masses  is  due  to  the  uneven 
projection  of  these  cell  masses  into  the  lumen.   In  between  these 
masses  of  rounded,  granular  cells  there  appear  relatively  few 
cells  that  are  very  much  larger,  less  granular,  and  often  are 
found  to  be  bi-nucleated.   In  i^ona  pipiens  somewhat  similar 
cells  have  been  identified  as  Sertoli  cells  and  it  was  clearly 
shown  that  each  Sertoli  nourished  at  least  28  spermatozoa 
Such  a  relationship  is  not  apparent  here.   In  fact  the  sperma- 
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tozoa  are  arranged  quite  uniformly  in  a  circle  around  the  lumen 
of  the  semiTuferous  tubule  (PL  II,  Fig.  5).  Intermediate  stages 
of  maturation  are  not  seen.  In  sexually  stimulated  males,  loose 
oolls  are  not  found  among  the  liberated  spermatozoa  (PL  III, 
f*ig.  8)  as  they  usually  are  in  Rana  pipiens.  Such  cells  have 
never  been  seen  in  the  longitudinal  collecting  tubes,  the  vasa 
efPerentia,  or  in  the  malpighian  corpuscles  of  Hyla  crudfer. 

The  spermatozoa  are  matured  before  hibernation  and  are 
retained  in  the  seminiferous  tubules  throughout  the  winter 
period.  However,  a  very  few  spermatozoa  have  been  seen  in 
the  vasa  efferentia,  and  an  occasional  spermatozoan  has  been 
seen  in  the  renal  tubules  or  Wolffian  ducts  of  hibernating  (un- 
stimulated) males  of  Hyla  crucifer.  As  in  Rana  plpiens,  and 
possibly  also  in  man  (Wilhelm  &  Seligmann,  1937)  spermatozoa 
may  be  liberated  in  small  numbers  at  all  seasons.  It  must  be 
emphasized  that  even  with  the  greatest  care  in  manipulation  the 
excision  of  the  urino-i>:enital  svstem  mav  mechanically  liberate 
a  few  spermatozoa  from  the  testes  of  untreated  frogs,  and  a  false 
picture  of  sperm  release  may  result.  The  tails  of  the  mature 
spermatozoa  may  be  seen  lying  freely  within  the  lumen  of  the 
seminiferous  tubule.  It  is  to  be  noted  that  the  shape  of  the 
spermatozoa  of  Ryla  is  a  spiral  as  compared  with  the  rod- 
shaped  spermatozoa  of  Rana. 

The  spermatozoa  of  Hyla  (and  many  Anura)  are  matured  in 
the  late  Fall,  to  remain  within  the  seminiferous  tubules  without 
further  change  (PL  II,  Fig.  5)  until  released  during  the  breed- 
ing reactions  in  the  Spring.  Temperature  and  radiant  energy 
may  be  contributing  factors  to  this  release  of  spermatozoa,  but 
since  some  Anura  do  not  breed  until  late  Summer  or  early  Fall, 
there  must  be  other  factors  at  work  to  control  sexual  behavior. 
There  is  no  doubt  but  that  the  anterior  pituitary  gland  is  the 
immediate  controlling  factor,  but  it  has  not  yet  been  determined 
what  controls  the  secretory  activity  of  the  anterior  pituitary 
gland  of  the  anuran.  The  gland  does  show  seasoTial  variations 
ill  potency  in  respect  to  sex  stimulating  factors,  and  the  gonads 
show  seasonal  variations  in  susceptibility  to  this  particular 
hormone  (Rugh,  19.37). 

The  anterior  pituitary  hormone  does  not  act  directly  upon 
the  gonads,  since  excised  testes  left  in  the  body  cavity  of  pitui- 
tary-injected males  show  no  changes  attributable  to  the  hormone. 
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In  all  probability  the  hormone  is  taken  into  the  peritoneal  fun- 
nels found  on  the  ventral  face  of  the  annran  kidney  and  hencv 
directly  to  the  blood  stream — the  normal  channel  of  hormone 
distribution.  In  these  experiments  whole  anterior  pituitaries 
from  adult  females  of  Rana  pipiens  were  used. 

Within  9-24  hours  after  the  peritoneal  injection  of  the  an- 
terior pituitary  hormone,  gross  changes  were  observed  in  the 
testes  of  Hyla  crucifer.  The  solid  black  hibernating^  testis 
changes  to  a  dull  gray  of  the  testis  with  empty  seminiferous 
tubules.  Within  9-10  hours  after  injection  (at  ordinary  labora- 
tory temperatures  of  23-25°  C.)  the  spermatozoa  are  released 
into  the  lumen  of  the  tubule  (PI.  II,  Fi^^-.  fi)  and  within  24  hour> 
many  of  the  tubules  have  lost  the  majority  of  their  spermatozoa 
(PL  ITT,  Fig.  8).  Shortly  thereafter  only  a  few  scattered 
gametes  may  be  seen  within  any  of  the  tubules  (PL  IT,  Fig.  2). 

The  spermatozoa  are  liberated  from  these  oval  seminiforrius 
tubules  into  the  longitudinal  collecting  tubules  which  are  lined 
with  a  low  type  of  cuboidal,  non-ciliated  epitlielium.  Very  possi- 
bly there  are  smooth  muscle  ceWk  within  the  testes  which  (as  in 
the  anuran  ovary)  help  to  eliminate  the  gametic  products  into 
these  exit  channels.  The  motile  power  for  the  spermatozoa, 
after  release,  may  be  suppHed  by  themselves  at  least  until  they 
reach  the  uriniferous  tubules  where  cilia  may  aid  them  toward 
the  Wolffian  ducts.  Three  or  four  of  these  collecting  tubules 
may  be  seen  in  almost  any  cross  section,  and  may  be  followed 
through  serial  sections  until  they  are  seen  to  emerge  as  vasa 
etferentia  leading  toward  the  kidney. 

The  Vasa  Epperentia 

The  vasa  efferentia  are  variable  in  number  and  in  arrange- 
ment even  as  regards  the  two  sides  of  the  same  individual  of 
Hyla  crucifer.  There  is  generally  a  network  of  from  8-12 
branching  tubes,  of  at  least  two  different  diameters,  contributing 
spermatozoa  to  the  anterior  third  of  the  kidney.  Some  of  the 
tubes  end  blindly  within  the  mesorchium,  but  the  majority  join 
the  kidney  on  its  ventral  face  near  its  mesial  margin.  Each  vas 
branches  as  it  enters  the  kidney,  contributing  to  several  malpigh- 
ian  corpuscles.  At  most  about  40  corpuscles  are  fed  by  about 
10  vasa  efferentia  in  Hyla  crucifer. 

In  the  living  frog  the  vasa  efferentia  can  be  easily  distin- 
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fished  from  the  blood  vessels  and  the  mesorchium  by  merely 
exerting  a  little  pressure  on  the  testis  of  the  hibernating  frog. 
This  pressure  will  force  spermatozoa  out  through  these  tubes 
and  into  the  kidneys,  causing  a  flow  of  whitish  cells  in  contrast 
with  the  yellowish  stream  of  large  oval  erythrocytes  in  the 
nearby  blood  vessels. 

Spermatozoa,  liberated  from  the  testis  by  anterior  pituitary 
treatment  of  the  fro<>:,  may  be  seen  within  tlie  vasa  etTerentia  but 
their  flow  is  not  easily  detectable  except  under  high  magnifica- 
tion and  transmitted  light.  Spermatozoa  can  he  removed  from 
the  hibernating  testis  by  dissection  of  the  gonad  in  Holtfreter's 
modification  of  amphibian  Einger*s,  or  they  may  be  removed 
from  the  vasa  efferentia,  and  will  prove  to  be  functional  as  de- 
termined by  artificial  insemination.  This  indicates  that  passage 
of  spermatozoa  through  the  kidney  is  not  necessary  to  the  func- 
tional maturity  of  spermatozoa  and  that  the  urinary  ducts  are 
merely  passageways  for  these  gametic  products. 

The  lining  of  the  vas  efferens  is  a  low  cuboidal  type  of  non- 
ciliated  epithelium,  very  similar  to  that  of  the  collecting  tubes 
of  the  testis.  At  certain  regions  it  appears  to  be  almost  a 
squamous  type  of  epithelium. 

The  KroNEYS 

On  the  ventral  face  of  the  kidney,  i.e.,  that  portion  covered 
by  peritoneum,  there  are  22-35  peritoneal  funnels.  These  open- 
ings are  often  referred  to  as  nephrostomes  but  this  term  is  more 
accurately  applied  to  the  opening  into  a  nephridium  (Gray, 
1930).  These  peritoneal  funnels  are  most  abundant  on  the  mid- 
ventral  face  of  the  kidney  and  are  highly  ciliated.  As  in  Rana 
pipiens  (Bugh,  1938)  these  funnels  open  from  the  coelomic  cavity 
and  their  cilia  carry  coelomic  contents  into  the  related  funnel 
tubes  and  thence  into  venous  sinuses.  In  Hyla  crucifer  the 
open  mouth  of  the  funnel  is  only  about  10-12  /*  across  while  it 
is  four  to  seven  times  larger  in  Rana  pipiens.  It  has  been  sug- 
gested (above)  that  the  presence  of  these  funnels  may  explain 
why  the  injection  of  hormones  into  the  body  cavity  results  in  a 
quicker  response  than  does  sulx-utaneous  implantation,  simply 
because  they  convey  coelomic  contents  directly  into  the  ])lood 
stream.  The  adrenal  tissue,  which  seems  at  certain  regions  to 
displace  as  much  as  0.1  mm  of  kiduey  tissue,  is  located  largely 
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on  tho  median  ventral  margin  of  the  kidney.  It  seems  exces- 
sively large  for  such  a  small  kidney. 

The  kidney  of  Hyla  averages  3.72  mm  in  length,  1.16  mm  in 
maximum  width,  and  about  0.5  mm  in  maximum  thickness.  It 
contains  from  310-450  malpighian  corpuscles  in  contrast  with 
the  2,000  or  more  estimated  for  Rana  pipiens  by  Hayman  (1928). 
More  than  half  of  the  malpighian  corpuscles  are  to  be  found 
in  the  posterior  two-fifths  of  the  kidney  while  the  anterior  three- 
fifths  includes  the  25-40  malpighian  corpuscles  that  convey 
spermatozoa  to  the  ureter  (Wolffian  duct)  during  active  breed- 
ing. About  10  per  cent  of  all  of  the  malpighian  corpuscles 
found  in  the  Hyla  kidney  are  therefore  concerned  with  genital 
function,  in  contrast  Avith  about  2  per  cent  in  Rana  pipiens. 
The  majority  of  malpighian  corpuscles  are  exclusively  concerned 
with  uriniferous  function. 

Relative  to  the  size  of  the  kidney  the  malpighian  corpuscles 
are  tremendous.  Those  which  carry  spermatozoa  during  breed- 
ing do  not  have  a  maximum  size  appreciably  different  from  the 
purely  uriniferous  corpuscles.  Occasionally  one  sees  that  por- 
tion of  Bowman's  capsule  immediately  surrounding  the  glomeru- 
lus literally  packed  wiih  spermatozoa  (PI.  Ill,  Figs.  10  and  12) 
but  it  is  unlikely  that  there  is  any  expansion  of  the  walls  of 
the  capsule.  At  certain  regions  of  the  kidney  the  thickness  of 
the  organ  may  be  reduced  to  0.3  mm,  and  half  of  this  thickness 
may  well  represent  a  single  malpighian  corpuscle.  Of  course 
the  size  range  of  the  malpighian  corpuscles  is  considerable,  and 
the  size  of  the  related  glomeruli  is  correspondingly  quite  con- 
siderable, the  largest  of  the  glomeruli  measuring  about  0.10  mm 
in  diameter,  or  one-third  the  thickness  of  the  kidney. 

It  is  very  possible  that  even  during  the  breeding  season  the 
10  per  cent  of  the  malpighian  corpuscles  which  are  conveying 
spermatozoa  to  the  ureters  may  also  maintain  some  uriniferous 
function.  It  is  inconceiva])le  that  these  structures,  identical  in 
all  respects  with  the  otlier  1)0  per  cent,  should  have  exclusively  a 
genital  function  limited  to  ii  period  of  a  few  days  of  each  year. 
Spermatozoa  hav^e  been  removed  from  all  parts  of  the  tract, 
from  seminiferous  tubules  to  the  seminal  vesicle,  and  thev  have 
been  found  to  l)e  functional  as  tested  by  artificial  insemination. 
I^liore  has  been  no  demonstration  of  any  deleterious  effect  of 
urinary  secretions  on  the  spermatozoa.    In  fact,  excretory  fluids 
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probably  prolong  the  life  of  spermatozoa  by  inactivating  them 
in  slightly  acid  medium. 

As  stated  above,  the  vasa  efferentia  feed  about  40  malpighian 
corpuscles  and  these  connections  are  morphologically  perma- 
nent.  These  particular  corpuscles  are  located  near  the  mesial 
margin  of  the  kidney  in  the  anterior  three-fifths.   The  sperma- 
tozoa enter  the  Bowman's  capsule  at  a  point  opposite  the  posi- 
tion of  the  related  uriniferous  tubule  (PI.  Ill,  Figs.  9,  12,  13). 
The  spermatozoa  pass  around  the  glomerulus  and  inamediately 
into  the  excretory  duet.    The  malpighian  corpuscle  then  is  the 
point  at  which  the  urinary  and  the  genital  ducts  become  one  and 
the  same.    The  vas  efferens  retains  its  cuboidal  epithelium  until 
it  merges  with  the  squamous  epithelium  of  Bowman's  capsule. 

Spermatozoa  are  found  to  follow  the  course  of  the  uriniferous 
tubule,  through  its  three  or  four  sharp  turns  (PI.  Ill,  Fig.  9) 
before  it  passes  dorsalward  through  the  kidney.  As  it  nears 
the  dorsal  surface  of  the  kidney  it  turns  at  a  rather  sharp  angle 
and  passes  toward  the  lateral  margin.  As  it  approaches  the 
lateral  edge  of  the  kidney  it  skirts  around  the  renal  portal  vein 
and  enters  the  Wolffian  duct,  which  is  found  slightly  ventral  to 
this  blood  vessel. 

The  Wolffian  Duct 

The  Wolffian  duct  (ureter  or  mesonephric  duct)  begins  near 
the  anterior  tip  of  the  kidney  and  receives  tubules  along  its 
entire  course.  While  it  starts  on  the  dorsal  face  of  the  kidney 
it  gradually  takes  a  lateral  position  and  then  leaves  this  organ 
at  its  posterio-ventral  tip.  For  a  good  part  of  its  course  it  is 
found  close  to  the  renal  portal  vein.  It  is  lined  with  what  ap- 
pears to  be  transitional  (stratified,  non-ciliated)  epithelium. 
In  any  sexually  stimulated  male  frog  spermatozoa  will  be  abun- 
dantly found  within  this  duct. 

There  is  a  slight  enlargement  and  thickening  of  the  walls  of 
the  most  posterior  portion  of  the  Wolffian  duct,  just  before  it 
enters  the  cloaca.  This  is  designated  as  the  seminal  vesicle  and 
particularly  in  Hj/la  (as  in  toads)  this  portion  of  the  Tirino- 
genital  system  is  not  only  a  storage  place  for  spermatozoa  but 
is  definitely  a  copuhitory  accessory.  In  Ilijla  (as  in  toads)  the 
eggs  are  laid  singly  and  must  be  inseminated  singly,  hence  this 
lower  portion  of  the  Wolffian  duct,  along  with  the  very  muscular 
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cloaca,  supplies  each  egg  with  a  small  cloud  of  active  sperma- 
tozoa.  In  Hjila  crucifer,  the  male  (in  amplexus)  clamps  it? 
cloacal  opening  just  above  the  cloacal  opening  of  the  female  at 
the  moment  an  egg  emerges.  This  process  is  repeated  for  each 
of  the  1,000  or  more  eggs  laid,  and  insures  fertilization  of  each 
egg.  Very  probably  such  body  movements  as  are  necessary  on 
the  part  of  the  female  to  eliminate  the  egg  are  a  signal  to  the 
male  to  liberate  spermatozoa.  It  is  quite  possible  that  here,  as 
has  been  observed  in  Ram,  the  most  posterior  uriniferous 
tubules,  which  normally  have  an  exclusive  urinary  function,  may 
receive  and  temporarily  store  sperm  masses  in  excess  of  the 
capacity  of  the  seminal  vesicle.  Spermatozoa,  to  enter  these 
tubules,  must  do  so  against  ciliary  currents. 

Summary 

1.  This  paper  presents  a  description  of  the  morpliolog-y  aiul 
the  physiology  of  the  reproductive  system  of  the  male  Hyla 

crucifer. 

2.  The  testis  of  the  hibernating  frog  is  described  and  the 
eflFect  of  mechanical  and  of  endocrine  (pituitary)  influences  on 
that  testis  is  demonstrated. 

3.  By  means  of  pituitary-induced  sexual  reactions  sperma- 
tozoa are  traced  from  their  seminiferous  tubules,  through  the 
vasa  efferentia,  the  malpighian  corpuscles,  the  uriniferous 
tubules,  and  the  ureter  to  the  seminal  vesicles. 

4.  The  genital  tract,  as  determined  histologically,  is  very 
similar  to  that  of  Rana  pipiens  where  histological  evidence  was 
further  supported  by  micro-injection  methods.  From  a  urino- 
genital  point  of  view,  Hyla  crucifer  may  be  considered  more 
like  frog  than  toad. 

5.  There  is  no  morphological  evidence  of  a  Bidder's  canal. 
Spermatozoa  enter  the  uriniferous  tract  at  the  point  of  the 
malpighian  coriniscle.  About  10  per  cent  of  tlie  400  or  more 
malpighian  corpuscles  of  the  male  Hyla  crucifer  have  this  dual 
function. 

6.  The  structure  of  the  kidnev  is  described,  including  an 
analysis  of  the  size,  number,  and  distribution  of  the  malpighian 
corpuscles,  and  of  the  peritoneal  funnels.  The  malpighian  cor- 
puscles which  have  a  genital  function  are  identified  and  located 
within  the  kidney. 
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KEY  TO  PLATES 


A — dorsal  aorta 

B — squamous  epithelium  of  Bowman's 

eripsuU' 
r— Sertoli  cflls 
E — vas  efferentia 
G — (glomerulus 

h'  kidney 

M — malpighiau  corpuscle 
P — peritoneum 


B — renal  tubules  (uriuiferous  and  semi- 
niferooB 

S — spcrinatOEOa 

r— test.'s 

U — seminiferous  tubule  (testes) 
V — ^posterior  vena  cava 
W — Wolffian  duct,  nreter,  or  mesonephrie 
duct 

X — ^renal  portal  vein 

Z — ^pigment  around  and  within  the  testes 


PLATE  I 

Vi(  \v  of  the  urino-genital  system  of  the  male  Hyla  crueifer,  showing  the  highly 
pigmented  testes. 
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PLATE  II 

Fio.  1.    Cross  section  of  testes  of  hibernating,  or  recently  hibernating; 

crucifer,  showing  mature  spermatozoa  awaiting  release  during  normal  breeding  sea- 
son.   Note  shortage  of  interstitial  tissue  and  great  abundance  of  pigment,  around 

and  throughout  the  testes. 

Fio.  2.  Cross  section  of  testes  of  frog  similar  to  No.  1  but  24  hours  after  it  had 
been  injected  with  anterior  pituitary  hormone,  showing  many  seminiferous  tubules 
emptied  of  their  spermatozoa. 

Fio.  3.  Cross  section  of  entire  urino*genital  system  of  hibernating  male  Syta 
crucifer.   Note  uniformity  of  development  of  spermatosoa  in  all  s^iniferoiu  tubnlea. 

Fio.  4.  Cross  section  of  entire  urino-genital  system  of  frog  similar  to  No.  3 
but  24  hours  after  it  had  been  injected  with  anterior  pituitary  hormone.  Note 
masses  of  spermatozoa  passing  through  the  kidneys. 

Fig.  5.    Greatly  enlarged  view  of  a  single  seminiferous  tubule  of  the  testes  of 

an  hibernating  Hyla  crucifer. 

Fio.  6.   Similar  view  of  seminiferous  tubule  of  testes  from  a  pitnitary-stimn- 

lated  Eyla. 

Fig.  7.  View  of  kidney  of  sexually  active  mule  showing  spermatozoa  within  the 
malpighian  corpuscles  and  the  related  uriniferous  tubules.  Also  a  few  spermatozoa 
show  in  the  ureter. 
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PLATK  III 

FlQ.  8.  A  single  seniiiiiferous  tubule  36  hours  after  the  male  HyJa  had  hc^n  in 
jected  with  anterior  pituitary  hormone,  showing  relatively  few  remaining  spennaiuzt.;!. 

Fig.  9.  iScction  through  inner  margin  of  the  kidney  of  a  sexually  stimulated 
male  Hyla  showing  (£)  the  entrance  point  of  the  vasa  efferentia;  spermatosoa  pus- 
ing  through  a  malpighian  oorpuscle  around  the  projecting  glomerulus  (6)  and  oat 
through  the  coiled  uriuiferous  tubule  (£). 

Figs.  10,  11,  12.   Various  views  of  malpighian  corpuscles  containing  spenaa- 

tozoa. 

Fin.  13.  Soetion  through  kidney  showing  single  malpighian  corjiuscU'  contaiinng 
spermatozoa  and  many  closely  related  renal  tubules  filled  to  capacity  with  sperma- 
tozoa. 
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WHAT  COLUMBUS  SAW  ON  LANDING  IN  THE  WEST  INDIES 


LEONARDO  OLSCHKI 

Amherst,  Ya. 

Abst&act 

The  purpose  of  this  essay  is  to  recognize  and  to  explain  the  reaction  of  Columbus 
to  the  Batural  and  human  aspects  of  tlie  small  islands  he  visited  after  his  first  landfall 
at  the  Bahamas. 

Tliis  task  suggests  a  minute  and  thorough  interpretation  of  the  fragments  of  his 

Journal  which  contain  the  account  of  liis  first  ex{)eriences  in  the  New  World.  The 
scanty  details  described  by  (^olumbus  in  these  notes  obtain  a  new  expressiveness  if 
they  are  considered  as  symptoms  for  his  personal  or  objective  interest  in  the  singu- 
larities of  the  newly  discovered  land. 

The  investigation  of  the  impulses,  emotions  and  influences  which  dett-rmined  the 
characteristic  selection  of  the  things  observed  and  described  immediately  after  this 
landfall  contributes  essentially  to  our  understanding  of  the  complex  personality  of 
Columbus  and  to  the  clarification  of  the  still  discussed  (tbjective  of  his  enterprise. 

In  this  way  it  is  possible  to  extablish  the  intellectual  attitude  of  the  Admiral 
toward  the  reality  of  exotic  life  and  nature  as  observed  in  an  unusual  geographical 
environment. 

On  the  other  hand  it  is  through  this  verification  of  Columbus's  reactions  and 
opinions  that  it  is  possible  to  demonstrate  the  authenticity  and  reliability  of  the 
Journal  handed  down  by  Bishop  Bartolome  de  Las  Casas. 

The  question  of  what  Columbus  saw  on  landing  in  the  West 
Indies  may  appear  an  idle  one,  in  view  of  the  fact  that  we  have 
his  letters  to  Luis  de  Santtingel  as  well  as  many  fragments  of 

his  Journal,  which  contain,  together  with  authentic  records  of 
the  events  of  his  voyages,  the  account  of  his  experiences  and  the 
direct  expression  of  his  ojnnions  and  feelings.^  Thus  it  might 
seem  that  we  would  l)e  justified  in  believiiifi"  that  by  reading  these 
documents  we  could  grasp  the  impressions  gained  by  the  Ad- 
miral during  his  hrst  contacts  with  the  men  and  countries  of  the 
New  World. 

But  if  we  give  our  critical  attention  to  his  notes  and  reports 
we  soon  recognize  the  error  in  this  assumption.  For  if  these 
were  indeed  as  exhaustive  and  as  reliable  as  has  been  supposed, 
then  there  would  be  no  **  Columbus  Question"  that  becomes  more 
and  more  intricate  as  the  result  of  incessantly  changing  inter- 
pretations that  teem  with  more  or  less  fanciful  hypotheses.* 

1  Cf r.  Samuel  E.  Morisou,  ' '  Texts  and  Ti  auslatious  of  the  Journal  of  Colum- 
bus's First  Voyage"  in  the  Hisp.  Amer.  Hist.  Bev.,  XIX,  1939,  N.  3. 

2  A  bibliograi)hical  and  critical  survey  of  the  present  state  of  the  Columbus 
question  is  contained  in  an  article  of  Charles  E.  Nowel  in  the  Amer.  Hist.  Bev.^ 
XLIV,  1939,  N.  3,  p.  802  aq. 
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The  insufficiency  of  the  details  and  the  clearly  erroneous  or  | 
inaccurate  statements  contained  in  the  documents  just  men- 
tioned reduce  the  value  even  of  their  positive  data,  and  this  has 
giv^en  room  for  doubt  as  to  Cohnnbus's  reliability,  honesty  a!i<l 
good  faith. ^  Moreover,  from  liis  letters  and  from  the  Joni  ual. 
arguments  have  been  drawn  that  call  into  (juestion  both  liis  iie«»- 
graphical  knowledge  and  his  nautical  capacity — that  is,  the 
fundamental  conditions  of  his  unprecedented  enterprise. 

Thus  such  a  distinguished  scholar  as  the  late  Dr.  Cecil  Jane 
sought  to  demonstrate  that  at  the  date  of  his  first  voyage  Colum- 
bus was  an  illiterate  who  did  not  acquire  the  ability  to  write 
until  the  period  between  the  discovery  and  the  year  1497.*  If 
his  letter  sent  to  Luis  de  Santangel  in  March  1493  does  indeed 
bear  in  itself,  as  Dr.  Jane  assumed,  all  the  marks  of  having  been 
the  work  of  a  clerk  who  gave  literary  form  to  materials  supplied 
to  him,  then  it  will  be  impossible  any  longer  to  consider  this  in- 
comparable document  as  an  exact  and  personal  expression  of 
Columbus's  actual  opinions. 

These  far- reaching  skeptical  conclusions  suggest  the  litness 
of  a  re-examination  of  the  whole  (piestion  of  the  literacy  of  Co- 
lumbus and  of  the  autlienticity  of  his  reports.  Recently  the 
expedition  organized  and  led  by  Professor  8amuel  E.  Morison  of 
Harvard  University  braved  the  i)erils  of  the  ocean  and  the  risks 
of  war,  following  the  track  of  Columbus's  voyages  in  an  elTort 
to  check  through  nautical  experience  and  observation  the  state- 
ments and  descriptions  handed  down  by  Bishop  Bartolome  de 
Las  Casas.  Our  task  is  much  less  pretentious ;  we  simply  ask 
ourselves  what  Columbus  saw  in  the  islands  he  discovered  on  his 
first  voyage ;  we  limit  our  investigations  to  his  first  impressions 
as  these  are  described  in  the  presumably  authentic  fragments  of 
his  Journal.  In  this  way  we  shall  not  be  able  to  compare  his 
descriptions  with  the  natural  and  human  aspects  of  the  countries 
he  \4sited.  But  this  restriction  of  our  interest  in  the  documents 
of  Columbus's  landfall  and  discoveries  does  not  necessarily  ex- 

3  EspiH  hilly  in  tiic  works  of  H.  Vigiiaud,  Uistoire  CrUiqiir  dr  la  Grandr  Enire- 
prise  de  C.C.,  2  vols.,  Paris,  1911,  and  R.  D.  Carbia,  La  Nueva  Historia  del  Descv- 
hrimiento  de  America,  Buenos  Aires,  1936,  intended  to  prove  that  the  Journal  of  C.C. 
handed  down  l)y  Bjirtolonie  de  Las  Casas  is  a  deliberate  falsification. 

♦  Cecil  Jane,  "The  Qut>stion  of  the  Literacy  of  C.C."  in  the  Eisp.  Amer.  Hist. 
Rev.,  X,  1930,  \>.  500  sq.  and  the  Introduction  to  his  edition  of  Select  Documents  II- 
luttrating  the  Four  Voyages  of  C.C,  London,  Hakluyt  Society,  I,  1930. 
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elude  the  attaiiimont  of  some  positive  conclusions  of  a  wider 
historical  and  <iC'o«4raphical  interest. 

Thus  we  are  led  to  turn  aside  from  the  facts  described  and 
to  grive  our  attention  to  Columbus's  personal  reactions  rather 
than  to  the  objective  reality  of  the  nature  and  i)eculiarities  of 
tlie  Indies.  His  impressions  are  revealed  by  his  words  and  his 
styh^,  so  that  the  geographical  reality  still  lives  in  the  form  in 
which  he  saw  it  during  his  astonishing  experiences  and  with  the 
features  fixed  after  repeated  observations,  and  his  expressions 
still  have  the  power  to  evoke  the  images  of  a  world  long  ago 
vanished  and  entirely  faded  from  men's  memory. 

Spanish  colonization  and  the  influence  of  European  civiliza- 
tion have  thoroughly  transformed  the  natural  aspects  of  the 
Bahamas  and  the  Antilles  that  Columhus  described.   The  intro- 
duction of  a  new  flora  and  fauna  of  European  or  exotic  origin, 
of  field  labor,  trade  and  industry,  have  extensively  changed  the 
nature  of  the  soil  and  the  conditions  .of  life  in  all  these  islands. 
Tlic'ie  is  no  trace  left  of  the  original  Indian  natives  who  were 
taken  away  from  their  native  soil  and  disappeai'ed  a  few  dec- 
ades after  the  coiupiest.    Only  tlie  larger  natural  scenery  of 
the  mountains,  seas,  rocks,  i)lains,  lakes  and  rivers,  still  remains 
as  a  stable  frame  of  a  human  activity  which  transformed  within 
a  short  lapse  of  time  a  rudimentary  stone-age  society  into  a 
lively  colonial  organization. 

Within  these  islands  very  little  remains  from  the  age  of  their 
first  colonization.  Furthermore,  Columbus's  own  laconic  and 
summary  descriptions  of  landscapes,  localities  and  events  render 
even  more  difficult  (sometimes  indeed  impossible)  their  exact 
recognition  and  complicate  the  attempts  to  verify  his  statements 
by  a  comparison  with  the  geographical  reality  and  the  topo- 
graphical peculiarities  of  the  islands.  It  must  be  borne  in  mind 
that  the  identification  of  Guanahani  (or,  San  Salvador)  with  the 
Watling  Island  of  the  Bahamas  was  for  a  long  time  the  result 
of  a  compromise  readied  after  inconclusive  discussions  and  ac- 
cepted in  general  rather  as  a  provisory  and  conventional  solution 
than  as  an  established  fact.' 

This  uncertainty  is  due  to  tlie  circumstance  that  the  terms  • 
used  by  Columbus  in  describing  the  island  are  few  and  devoid  of 

sCfr.  the  artick-  of  R.  T.  Gould  on  "The  Landfall  of  C."  in  the  Geograph. 
Journal,  London,  LXIX,  1927,  p.  403  sq. 


636 


LEONARDO  OLSCHKI 


exactness  or  color.  And  it  must  be  added  that  at  this  time,  and 
at  this  stage  of  nautical  science,  the  exact  calculation  of  the  geo- 
graphical position  of  newly  discovered  lands  was  not  within  the 
reach  of  even  the  most  skillful  navigator.  All  measurements 
taken  in  those  uncharted  waters  with  the  rudimentary  instru- 
ments then  in  use  could  be  only  approximate  and  of  small  prac- 
tical value. 

This  fact  may  explain  why  the  Admiral  undertook  an  astro- 
nomical and  geodetical  determination  of  his  geographic  position 
only  in  exceptional  cases ;  for  the  most  part  he  trusted  in  his  own 
**8ens  marin"  and  in  the  customary  tricks  of  nautical  routine. 
In  his  Journal  and  in  his  letters  figures  are  rarely  used.  The 
extent  of  a  country,  the  circumference  of  an  island,  the  altitude 
of  a  mountain  are  seldom  stated  in  numerical  terms,  but  are  i»eii- 
erally  designated  by  means  of  paraphrases,  epithets,  or  appar- 
ently insignificant  expressions. 

Gonsecjuently  Columbus's  descriptions  of  the  lands  discov- 
ered in  all  his  vovages  are  to  be  considered  not  merelv  as 
geographical  documents  but,  at  the  same  time,  as  literary 
monuments  containing  the  expression  of  an  individual  attitude 
toward  man  and  nature,  science  and  experience.  If  we  accept 
this  point  of  view  we  are  protected  against  every  disappoint- 
ment that  might  arise  from  the  scientific  deficiencies  of  these 
reports.  At  the  same  time  our  interest  is  directed  towards  the 
personality  of  the  author,  as  we  try  to  see  with  his  eyes  what  the 
discoveries  revealed  to  him. 

After  a  thirty-six  days*  voyage  from  the  Canaries,  Guana- 
hani  appeared  to  Columl)us  at  the  dawn  of  October  12*'*  as  both 
a  concrete  reality  and  a  land  of  mystery.  The  small  island  rose 
before  him  as  the  end,  toilsomely  attained,  of  an  excitina:  if 
uneventful  passage  and,  at  the  same  time,  as  a  starting  ])<>int 
toward  a  land  of  hope,  if  not  of  promise.  There  he  spent  two 
days  and  tw^o  nights,  that  is,  time  enough  to  obtain  an  exact  pic- 
ture and  to  gather  a  comprehensive  impression  of  the  country. 
An  unabbreviated  portion  of  the  Journal  containing  both  the 
records  of  these  memorable  days  and  the  description  of  the 
island  had  been  preserved  by  Bartolome  de  Las  Oasas  in  a 
form  sufficiently  reliable  for  us  to  recognize  in  these  fascinating 
pages  the  authentic  expression  of  Columbus's  first  experiences 
in  the  New  World,  and  of  his  reactions  thereto. 
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The  greatest  part  of  the  description  of  Guaiiahani  is  con- 
tained in  the  passage  written  by  the  Admiral  on  the  evening  of 
the  second  day  (Saturday  the  13**  of  October)  in  a  mood  of 
composure  and  meditation,  when  all  the  natives  had  gone  ashore 
in  their  boats.*   At  this  very  moment  he  decided  to  continue  his 
journey  in  search  of  the  island  of  Cipango,  thereby  renouncing 
all  attempt  to  ascertain  whether  the  cotton  and  the  gold  used 
by  the  natives  were  produced  on  the  spot.    But  in  si)ite  of  the 
two  days  spent  at  Giianahani  his  knowledge  of  this  island  was 
summary  and  superficial.    The  (oft-ciuoted)  words  devoted  to 
it  describe  it  as    rather  large  and  very  flat,  with  very  green 
trees,  many  waters,  and  a  large  lake  in  the  centre,  without  any 
mountain,  and  the  whole  land  so  green  that  it  is  a  pleasure  to 
look  on  it.'* ' 

The  only  distinguishing  feature  mentioned  in  these  lines  is 
the  lake  l  efoi  i  ed  to  in  the  midst  of  an  enumeration  of  vague  and 
general  details.  The  next  day  he  admired,  on  the  other  side  of 
the  island  to  the  East,  ''gardens  of  the  most  beautiful  trees  he 
ever  saw,  and  with  leaves  as  green  as  those  of  Castile  in  the 
month  of  April  and  May,  and  much  water'*;*  but  these  addi- 
tional, indistinct,  impressions  serve  to  reveal  Columbus's  feel- 
ing for  the  picturesque  aspects  of  the  country  rather  than  to  add 
anv  new  element  to  the  scantv  remarks  written  a  dav  before. 

Compared  with  his  moi"e  detailed  and  inci*easingly  enthusi- 
astic descriptions  of  tlie  islands  discovei'ed  later  among  the 
Bahamas  and  the  Antilles,  these  first  impressions  of  landscape 
and  vegetation  appear  even  more  desultory  and  conventional. 
Obviously  the  Admiral  took  some  time  in  becoming  familiar 
with  the  natural  peculiarities  of  the  West  Indies.  These  were, 
on  the  one  hand,  strange  and  baffling  to  him,  but  on  the  other 
they  were  not  unaccessible  to  a  navigator  with  some  knowledge 

^Eaccolta  di  Documenti  c  Studi  pubbl.  dalla  B.  Commisione  Colomhiana,  Parte 
I,  vol.  I,  p.  18,  1.28/29. 

"Tlbid.t  p.  18,  L15  sq.:  "Esta  ysla  oi  bien  grande,  y  muy  liana,  y  de  &rboles  imiy 
verdes,  y  muchas  aguas,  y  una  laguna  en  medio  grando.  sin  ninguna  niontana,  y  toda 
ella  verde,  que  es  plazer  de  mirarla.  * '  In  the  English  translations  the  word  * '  laguna ' ' 
is  rendered  sometimes  by  "lake,"  sometimes  by  "lagoon."  It  must  be  kept  in  mind 
that,  while  lagoon  denotes  in  English  an  area  of  salt  or  brackish  water  (cfr.  Murray's 
Dictionary),  the  Spaniards  use  "lagnna"  to  designate  lake-like  stretches  of  sweet 
water.  Speaking  of  the  Lake  Texcoco  surrounding  the  city  of  Tenochtitlan,  the  actual 
Gindad  de  Mdjico,  in  his  letter  to  the  Emperor  Charles  V  of  the  30th  of  October,  1520, 
Fernan  Cort6s  emphasized  that  that  capital  was  "fundada  en  esta  laguna  salada." 

8  Cfr.  the  records  of  October  14th,  Eaccolta  etc.,  p.  19,  1.20  sq. 
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of  exotic  countries  and  climates.  Takino:  up  again  his  naviga- 
tion, now  directed  toward  the  legendary  island  of  Cipango,  he 
seems  to  have  been  especially  interested  in  the  nautical  and 
strategic  aspects  of  Guanahani  rather  than  in  its  landscape  and 
vegetation.  For  the  first  time  after  the  discovery  he  took  into 
consideration  the  practical  benefits  of  the  island  calculated  from 
the  standpoint  of  a  colonist  and  exploiter. 

After  having  ascoi'tained  that  the  East  shore  of  the  small 
island  was  surrounded  by  an  extensive  reef  of  rocks  niakinir  an 
anchorage  impossible  and  coasting  very  dangerous,  he  recog- 
nized behind  them  "a  port  large  enough  for  as  many  ships  as 
there  are  in  Christendom",  protected  by  a  narrow  entrance  and 
by  a  landtongne  which  he  thought  might  be  fortified  and  con- 
verted into  an  island  within  two  days/**  The  extent  of  this 
harbour  is  just  as  greatly  exaggerated  as  is  the  number  of  the 
islands  constituting  the  archipelago  of  the  Bahamas,  which  he 
imagined  to  be  innumerable  after  the  natives  who  were  taken  on 
board  his  ships  **gave  him  the  name  of  more  than  a  hundred."  *• 
Likewise  he  overrated  all  the  distances  between  the  Bahamas 
visited  bv  him  or  Iving  within  his  siiiht. 

These  exaggerations  of  lengths,  quantity,  and  extent  may  be 
explained  by  the  atmos])herie  conditions  of  a  tropical  archi- 
pelago that  alter  the  proportions  of  the  objects  which  are  ob- 
served and  the  outlines  of  the  natural  scenery.  Furthermore, 
exaggerations  of  this  kind  are  the  consequence  of  psychological 
illusions  of  which  Columbus  had  been  the  victim 
as  had  been  many  other  navigators  and  explorers  before  him  of 
equal  experience.  He  shared  this  tendency  with  Marco  Polo, 
for  example,  who  estimated  that  the  Yang-tse-Kiang  carried 
more  shipping  than  all  the  waterways  of  Christendom  of  his 
day"  and  tliat  the  Eastern  ^*Sea  of  Chin**  in  the  proximity  of 
Cipango  contained  7459  islands  frequented  by  mariners  iiud 
traders  of  those  parts." 

» Ibid.,  1.6-14. 

10  Thid.,  1.25. 

11  The  Bool:  of  St  r  Marco  Polo  trans,  and  ed.  by  Col.  Yule,  3rd  edition,  New 
York,  1929,  II,  p.  170  and  the  corresponding  pasaages  of  the  critical  edition  of  L. 
Foscolo  Benedetto,  II  Milione,  Pirenae  1928  (Pranco-italiau  version),  and  of  C. 
Moule  and  P.  PelHot,  Mnrro  Poln.-  The  drscripiinv  of  the  World,  2  Vols.  London 
1938/39  (Latin  version  and  English  translation  variurum), 

x^i  Yule,  II.  p.  264. 
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Nevertheless,  the  insufficiency  of  details,  as  well  as  his  ex- 
aggeration of  dimensions  and  proportions,  reveal  that  the  natural 
aspects  of  the  newly  discovered  islands  did  not  especially  attract 
the  attention  of  the  Admiral.  This  impression  is  confirmed  by 
the  fact  that,  on  the  contrary,  he  has  been  very  meticulous  and 
exhaustive  in  ofiviiig  a  very  detailed  report  of  the  appearance  of 
the  natives,  their  customs  and  pecuHarities,  depicting  their  life 
and  hahits  with  a  keen  and  expressive  realism. 

Althou,!*}!  never  considered  before  as  representin<»'  a  par- 
ticular problem,  the  remai-kable  disproportion  between  his  de- 
scriptions of  the  natural  aspects  of  the  island  on  the  one  hand, 
and  of  its  inhabitants  on  the  other,  is  somehow  striking  and 
enigmatical.  Against  this  conventional  background,  rapidly 
sketched,  of  ''very  green  trees,  and  much  water,  and  fruits  of 
diverse  kinds"  was  described  this  simple  and  friendly  people, 
''going  naked  as  when  their  mothers  bore  them'',  represented  as 
"very  well  made,  with  handsome  bodies,  and  very  good  coun- 
tenances". Again  and  again,  with  full  details,  and  sometimes 
interrupting  the  account  of  the  events,  Columbus  mentions  the 
features  of  these  people,  the  color  of  their  skin,  their  beautiful 
eyes  and  tlieir  short,  coarse  hair  *'brouj2:ht  down  to  the  eyebrows, 
except  for  a  few  locks  behind,  which  they  wear  long  and  never 
cut".  He  observes  the  In'oad  foreheads,  the  variously  painted 
faces,  the  straight  legs,  and  the  good  stature  of  these  ''hand- 
some, very  well  formed  people",  among  whom  he  noticed  no 
paunchiness,  and  no  physical  defects  other  than  the  marks  of 
wounds  received  in  fighting  foreign  invaders.  He  attributed 
an  especial  importance  to  these  witnesses  of  war  and  invasion, 
immediately  deducing  therefrom  that  the  enemies  must  "come 
here  from  the  mainland  to  take  them  (the  natives)  prisoners". 
This  was  an  entirely  unfounded  conviction  which  indirectly  re- 
veals the  Admiral's  opinion  about  the  geographical  situation  and 
the  political  conditions  of  the  islands  that  were  supposed  to  be 
in  the  vicinity  of  the  Asiatic  continent  and  within  the  reach  of 
the  Grand  Khan's  predatory  incursions.'^  These  conclusions, 
drawn  from  the  scars  observed  on  the  natives'  bodies,  are  sub- 
stituted for  indications  as  to  the  geographical  position  of  the 
island. 

IS  On  November  1st  Ck>lumbtt8  noted  in  his  Journal:  "I  believe  that  all  these 
islands  are  at  war  with  the  Gran  Can".   Baecolta  etc.  l.c,  p.  34,  1.9/10. 
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Columbus  was  no  less  impressed  by  the  moral  qualities  and 
intellectual  capacity  of  these  good-natured  savages,  and  he 
stresses  their  harmlessness  and  docility,  noting  that,  being 
ignorant  of  the  use  of  iron,  they  cut  themselves  by  touching  the 
swords  of  the  Spaniards.  On  the  other  hand  he  was  sui  prised 
by  their  vivid  receptivity,  as  well  as  by  the  kindness  with  whidi 
they  were  ready  to  give  away  their  whole  property  and  their 
childish  happiness  in  receiving  the  trash  that  was  distributed 
among  them.  His  description  of  the  'Svonderfully  worked'* 
canoes  of  various  kinds  and  sizes,  and  of  the  natives'  dexterity 
in  propelling  and  steering  them,  betrays  the  anxious  interest 
with  which  Columbus  observed  the  lively  scenes  taking  place 
between  the  shores  and  the  caravels. 

Nevertheless  he  was  not  inclined  to  overrate  or  to  idealize 
these  naive  islanders.  They  soon  appeared  to  him  for  what 
they  really  were — that  is,  **a  race  of  people  very  poor  in  every- 
thing" and  having  no  religion,  though  at  his  departure  they  all 
came  to  the  shore  "calling  out  and  giving  thanks  to  God"  as  a 
farewell  to  *Hhe  men  who  had  come  from  Heaven".  Later  on 
Columbus  corrected  these  impressions  of  the  natives'  religious 
feelings  and  conceptions,  and  he  added  new  details  concerning: 
their  life  and  habits,  carefully  noting  the  dilTerences  between 
the  inhabitants  of  the  other  West  Indian  islands  with  whom  he 
came  into  closer  and  closer  contact. 

But  the  impressions  gathered  at  Guanahani  were  decisive 
and  lasting.  Although  there  were  no  more  surprises  or  special 
events  before  his  landing  at  Espaiiola,  he  kept  alive  his  interest 
in  the  natives,  and  his  curiosity  as  to  their  nature ;  these  natives 
remained  for  a  long  time  the  most  important  object  by  far  of 
his  penetrating  attention.  Evidently  at  Guanahani  and  the  ad- 
jacent islands  he  was  principally  concerned  with  matters  of 
human  interest,  neglecting  the  panoramic  and  natural  attrac- 
tions, and  even  renouncing  his  search  for  the  gold  mines  sup- 
posed to  be  in  the  vicinity. 

If  we  remember  that  the  exploitation  of  the  natural  wealth 
of  the  West  Indies  became  soon  after  an  important  aim  of  his 
voyage,  and  that  the  search  for  gold  obsessed  him  as  a  fixe<i 
idea,  we  may  perhaps  supjjose  that  Bartolonie  de  Las  (^isas,  the 
apostle  and  pi'otector  of  the  Indians,  extracted  from  Columbus's 
Journal  those  passages  which  especially  concern  the  natives. 
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reducing,  in  his  abstract  of  the  same  Journal,  the  records  de- 
voted to  nautical  or  natural  subjects.  In  fact,  one  of  the  last 
scholars  who  sailed  in  the  Admiral's  wake  for  the  purpose  of 
establishing  the  course  of  the  caravels  among  these  islands, 
suspected  that  Las  Casas  failed  to  include  in  his  precis  the 
astronomical  observations  of  Columbus,  probably  in  the  belief 
that  they  would  not  be  of  interest  to  the  general  public." 

Such  a  hypothesis  may  easily  be  accepted  in  our  day  because 
of  the  growing  tendency  to  call  into  question,  not  only  the  re- 
liability, but  also  the  honesty  and  good  faith  of  this  noble, 
courageous  and  most  certainly  conscientious  prelate.    The  trust- 
worthiness of  his  precis  and  the  authenticity  of  his  quotations 
are  proved,  in  this  case,  by  the  fact  that  the  letter  of  Columbus 
to  Luis  de  Santangel  resuming  his  experiences  of  the  first  voy- 
age is  devoted  chiefly  to  the  subject  of  the  natives,  and  reveals 
the  same  lively  interest  and  vigilant  care  in  giving,  with  more 
and  more  details,  a  complete  image  of  their  life  and  customs. 
As  in  the  Journal^  the  description  of  natural  scenery  takes  up 
only  a  limited  space,  while  the  geographical  data  appear,  for 
the  most  part,  reduced  to  the  enumeration  of  names  and  the — 
always  exaggerated — ^measures  of  distances  and  areas. 

As  Columbus  wrote  this  letter  on  February  15'^,  1493  ''otT 
the  Canary  Islands"  on  his  return  from  the  West  Indies,  he 
already  believ^ed  that  these  natives  whom  he  was  watching  with 
so  much  solicitude  and  benevolence  would  be  sent  to  Spain  as 
slaves — '*as  many  as  their  Highnesses  (the  Catholic  sovereigns) 
shall  order  to  be  shipped  and  who  will  be  from  among  the 
idolaters  ". 

It  is  not  to  be  wondered  at  that  for  a  long  time  he  had  had 
the  intention  of  developing,  on  a  large  scale,  the  slave  trade. 
At  that  time  some  of  the  sailing  men  were  specializing  in  this 
kind  of  traflBc,  which  represented  one  of  the  most  lucrative 
branches  of  the  colonial  enterprises."  The  Catholic  sovereigns 
rejected  all  suggestions  to  that  effect,  and  the  enslavement  of 
the  Indians  which  took  place  later  on  was  kept  within  the  limits 
of  their  own  countries. 

H  Cfr.  R.  Cronau,  the  Discovery  of  America  and  the  Landfall  of  Columbus,  New 
York,  1921,  p.  5. 

IS  Gold  and  slaves  were  the  first  cargo  brought  home  by  Antao  Gon^alvea  from 
West  Africa  in  1441.  Cfr.  Samuel  E.  Morison,  Portuguese  Voyages  to  America  in  the 
Fifteenth  Century,  Cambridge,  Mass.,  1940,  p.  11. 
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Yet  these  intentions  and  actions  fail  to  explain  the  intense 
and  lasting  interest  which  the  Admiral  felt  for  the  predestined 
victims  of  his  undertaking.  It  is  impossible  to  suppose  with 
any  degree  of  likelihood  that  his  insistent  expressions  of  warm 
appreciation  of  the  handsome  figures  and  the  good  nature  of 
these  poor  savages  might  have  been  intended  as  enticing  sales 's  I 
talks  on  the  part  of  a  slave-dealer  anxious  to  place  his  wares. 

The  question  of  the  prevailing  human  interest  of  the  dis- 
covery, apart  from  its  as  yet  incalculable  consequences,  becomes 
even  more  intricate  and  important  when  we  take  into  closer 
consideration  the  fact  that  the  reports  of  Columbus's  second 
voyage  deal  with  the  problems  pertaining  to  the  first  colonial 
settlement,  or  with  the  manners  and  customs  of  the  Indians,  but 
lack  full  information  about  the  Lesser  Antilles,  or  about  the 
Admiral's  nautical  and  geographical  experiences.^' 

Obviously,  we  do  not  possess  his  own  account  of  the  entire 
voyage,  but  the  Memorandum  delivered  to  Antonio  de  Torres, 
Captain  of  the  caravel  Maria-Galante,  as  a  memorial  to  the 
Catholic  sovereigns,  may  be  considered  as  an  authentic  document 
written  or  dietjited  bv  the  Admiral  on  Januarv  30,  1494.  The 
most  complete  account  of  the  whole  ex])edition  we  owe  to  Dr. 
Diego  Alvares  dianca,  tlie  sui'geon  of  the  fleet,  whose  most 
valuable  information,  sent  to  the  Cabildo  of  Seville  in  February 
1494,  is  concerned  with  the  Indians  of  the  Lesser  Antilles,  be- 
traying little  interest  in  the  geographical,  nautical  and  natural 
aspects  of  the  country.  Consequently  we  are  even  less  informed 
about  this  voyage  than  about  the  first  one,  although  the  defi- 
eiencies  of  the  two  principal  documents  are  made  up  for  by  other 
indirect  sources  of  various  origin. 

Nevertheless  it  is  difficult  to  recognize  the  course  taken  by 
that  gallant  fleet  of  seventeen  sea-worthy  vessels,  or  to  identify 
all  the  islands  mentioned  or  described  in  Dr.  Chancas's  account. 
His  whole  attention  is  directed  to  their  inhabitants.  Professor 
Morison,  who  recently  sought  to  check  the  route  followed  by 
Columbus  l)etween  the  Lesser  Antilles,  supposed  that  the  one- 
sided interest  shown  by  the  physician  of  the  fleet  for  the  manner? 
and  customs  of  the  Indians  was  due  to  the  fact  that  this  subject 
matter  was    better  calculated  than  courses  and  distances,  winds 

i«  Cfr.  Samuel  E.  Morison,  The  Second  Voyage  of  C.C.  etc.,  Oxford,  1939,  p.  10. 
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and  ciirroiits,  to  aiiiiisL'  his  municipal  correspondents,  from  whom 
lie  expected  certain  favoui-s  and  servicen".  " 

But  it  would  be  difficult  to  accept  the  fact  that  the  doctor 
wrote  his  very  serious  and  instructive,  even  if  unsatisfactory, 
narrative  mainly  for  the  entertainment  of  the  highest  municipal 
authority  of  the  most  important  seaport  of  southern  Spain. 
Xor  is  it  probable  that  his  duties  as  physician  of  the  fleet  pre- 
vented him,  on  the  one  hand,  from  following  the  conrse  of  the 
fleet  with  the  eye  of  a  navigator,  and  as  a  scholar,  but,  on  the 
other  hand,  allowed  him  to  make  precise  and  detailed  ethno- 
logical observations.   It  is  more  probable  that  like  other  navi- 
gators, professional  or  occasional,  Dr.  Chanca  paid  no  particular 
attention  to  the  geographical  details  or  the  natural  and  nautical 
aspects  of  the  countiy,  and  that  he  confined  his  interests  to  the 
life  and  doings  of  the  natives,  as  he  observed  them  continuously 
through  direct  experience  intentionally  undertaken. 

The  predominance  of  human  interest  in  both  the  reports  of 
Columbus  and  those  of  Dr.  Chanca  is  not  a  mere  coincidence; 
this  is  proved  by  the  fact  that  the  same  peculiarity  is  to  be  ob- 
served in  the  presumably  authentic  (as  well  as  probably  spuri- 
ous) letters  of  Amerigo  Vespucci.  It  is  not  within  the  scope  of 
our  present  task  to  discuss  w^hether  the  more  detailed  accounts 
printed  during  the  life  of  the  latter  are  forgeries  made  up  from 
the  data  of  the  shorter,  and  allegedly  genuine,  letters  addressed 
to  Lorenzo  di  Pierfrancesco  de'  Medici.  But  it  is  an  established 
fact  that  the  great  part  of  the  narratives  attributed  to  Vespucci 
is  taken  up  with  more  or  less  extensive  accounts  of  the  manners 
and  customs  of  the  natives  of  the  South  American  mainland  and 
islands,  while  descrii)tions  of  a  geographical  nature  are  almost 
non-existent,  and  the  few  that  are  to  be  found  are  still  more 
meagre  and  perfunctory. 

^loreover,  it  is  incontestalile  that  his  calculations  of  geo- 
graphical position  are  erroneous  or  self-contradictory  and,  at 
the  best,  careless  and  unreliable.  His  estimates  of  distances 
reveal  the  same  tendency  toward  exaggeration  that  is  recogniz- 
able in  the  accounts  of  Columbus,  while  all  his  remarks  concern- 
ing the  celestial  phenomena  are  sheer  nonsense.  Nevertheless, 
all  these  deficiencies  have  failed  to  affect  his  renown  among  his 


"  Ibid. 


644 


LEONARDO  OLSCHKI 


contempDraries,  or  to  restrain  the  learned  cosmog^apher  Waid- 
seemiiller  from  glorifying  Vespucci  in  books  and  maps. 

This  conformity  of  interest  to  be  observed  with  all  navigatr»rs 
of  the  Colombian  era  in  regard  to  the  aspects  of  the  newly  dis- 
covered lands  goes  to  prove  that  the  same  vivid  curiosity  linked 
together  the  Spanish  sovereigns,  the  members  of  the  Cabildo  of 
Seville,  several  of  the  Florentine  notables,  and  the  scholars  of 
the  Court  of  King  Bene.  In  other  words,  it  corresponded  with 
the  general  tendencies  of  this  epoch,  and  induced  the  voyagers 
to  describe  the  life  of  the  natives  with  considerable  detail,  and 
to  neglect  the  scientific  questions  connected  with  the  discoveries. 
Consequently  they  paid  merely  a  cursory  attention  to  the  nau- 
tical problems  and  scieiititie  altaiiimeiits  of  their  eiiterpri.ses. 

We  caiiiint  believe  that  there  was  a  cliscrepaiu-y  between 
these  general  inclinations  and  the  particular  interest  of  the 
travellers  and  navigators.  It  is  impossible,  or  at  least  improb- 
able, that  the  latter  should  have  kept  to  themselves  the  fruits  of 
their  nautical  experiences  and  the  results  of  their  astronomical 
observations,  making  known  only  what  they  supposed  to  be  of 
wider  popular  interest.  In  reality,  Columbus,  as  well  as  the 
other  navigators  of  his  time,  did  not  see,  observe  and  record  in 
a  quite  difiFerent  manner  the  facts  and  events  which  they  related, 
considering  these  to  be  essential  and  the  most  valuable  apart 
from  the  practical  purpose  of  their  explorations.  The  time  had 
not  yet  come  when  scientific  interest  was  so  predominant  that 
the  desire  for  knowledge  and  understanding  would  attempt  to 
comprehend  the  reality  of  earth  and  heaven  by  means  of  objec- 
tive measurements  and  exact  calculations  alone.  These  explor- 
ers were  men  whose  main  intellectual  interest,  aside  from  the 
commercial  profit  of  their  enterprises,  was  concerned  with  hu- 
man beings  and  human  peculiarities,  just  as  was  the  imaginary 
and  sym])olic  Ulysses  of  Dante,  who  crossed  the  ocean  in  a  spirit 
of  self-sacrifice,  desiring 

to  be  experienced  of  the  world 

and  of  the  vice  and  virtue  of  mankind." 

It  was  still  the  spirit  of  adventure  that  prompted  and  in- 
formed the  enterprises  of  Columbus  and  Vespucci,  though  of 
course  there  were  also  colonial  interests  and  religious  aims  in- 

18  Inferno,  XXVI,  v.  98/99. 
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v'olved  in  such  expeditions.    Astronomy  and  cosmography  were 
considered  to  be  aseful,  but  not  indispensable,  for  successful 
navigation  into  unknown  zones.   The  resources  of  these  sciences 
were  exhausted  in  the  preparations  undertaken  for  the  expedi- 
tions.   The  main  objective  of  the  Portuguese  astronomers,  car- 
tographers, and  sailors  cooperating  in  the    Villa  do  Infante*' 
after  1420,  was  the  realization  of  the  nautical  policy  of  Henri 
the  Navigator,  but  the  attempt  which  he  inspired  to  establish 
geographical  controls  of  the  expeditions  was  without  scientific 
method  or  aim.   Astronomy  and  cosmography  still  belonged  to 
the  "liberal  arts''  and  were  cultivated  in  a  speculative  spirit, 
independently  of  the    mechanical  arts"  and  of  the  necessities 
of  practical  life  and  specific  professions. 

This  separation  of  empirical  routine  and  theoretic  specula- 
tion, of  professional  tasks  and  scientific  problems,  was  char- 
acteristic of  all  arts  and  disciplines  of  the  Middle  Ages  and  the 
Kenaissance,  although  successful  attempts  to  ovei-come  the  tradi- 
tional autonomy  of  both  authority  and  ex})erience  were  not  lack- 
ing on  either  side.  The  history  of  medicine,  physics  and 
mathematics  reveals  similar  tendencies  tliat  represent  the 
typical  attitude  and  the  characteristic  state  of  mind  prevailing 
during  the  epoch  of  the  great  discoveries.^" 

Before  this  period  there  is  no  record  of  a  naval  expedition 
that  included  a  cosmographer  or  mathematician  charged  with 
the  calculation  of  geographical  positions.    Portulans  and  other 
maps  of  navigation  were  at  this  time  still  based  on  the  results 
of  empirical  routine,  and  on  nautical  traditions  which  had 
nothing  in  common  with  erudition  or  science.'"   It  was  long 
after  the  discovery  and  colonization  of  the  West-African  coast 
that  Master  Joseph,  a  physician  and  cosmographer,  with  a 
nautical  astrolabe  of  new  construction,  executed  in  Guinea 
several  valuable  astronomical  observations  which  were  men- 
tioned with  appreciation  by  Columbus  in  his  autographical  notes 
to  Piccolomini 's  celebrated  Historia.^^   But  this  same  Joseph, 

15"  These  aspectfl  of  the  History  of  Science  of  the  Middle  Ages  and  the  Kenais- 
saince  have  been  considered  in  the  writer 's  Geschichte  der  Neuaprachlichen  Wissen- 
sehaftliehen  Literatur,  especially,  in  Vol.  I,  Heidelberg,  1919,  and  II.  Leipzig,  etc. 
1922. 

2oCfr.  the  author's  Storia  Letteraria  delle  Scoperte  Geografiche,  Firenze,  1937, 
p.  143  sq. 

*i"Bex  Portugalie  misit  in  Guinea  a.d.  1485  magister  Jhosepius,  fixicus  eiua  et 
aatrologas,  [com]  piendum  altitudinem  solis  in  iota  Guinea;  qui  omnia  adimplevit  et 
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together  with  his  colleague  Roderigo  and  Diego  Oi-tiz,  Bisbo] 
of  Ceiita,  was  responsible  for  the  rejection  of  Coluiiibii.s 's  fir-* 
official  project  of  an  f)ceanic  navigation,  which  in  1482  lie  .^iil^- 
mitted  to  King  Joan  II  of  Portugal."'  In  the  course  of  the  f«*l- 
lowing  ten  years  the  famous  junta"  of  Salamanca  and  a 
primariorum  hominum  consilium,  composed  of  Spanish  the»i- 
logians,  scholars  and  sailors,  refused  to  accept  his  arguments  in 
favor  of  his  enterprise."^ 

Its  successful  realization  did  not  depend  on  the  assistance 
of  scholars  and  men  of  science ;  in  the  long  years  of  strugg^le  and 
preparation  Columhus  found  among  intelligent  and  cultivated 
men  of  practical  experience  the  understanding  and  the  support 
which  the  representatives  of  official  science  had  denied  him. 
Thus,  returning  to  Spain,  after  his  third  voyage,  as  a  prisoner 
of  Bobadilla,  the  Admiral  liaughtily  refused  to  be  judged  ])y  tHp 
**Caballeros  de  Letras" — i.e.,  those  suspect  knight  of  the  quiL 
that  had  always  denied  him  their  aid." 

Active  cooperation  between  navig^^tors  and  cosm()grai)her> 
began  shortly  after  these  successful  oceanic  enterprises  in  order 
to  give  a  systematic  basis  to  the  nautical  art.  The  corresjxmd- 
ence  between  Columbus  and  Toscanelli  (if  this  be  authentic) 
anticipated  this  development  to  some  extent,  but  in  any  case  the 
Genoese  sailor  did  not  expect,  nor  did  he  receive,  from  the 
Florentine  scholar,  anything  more  than  statements  and  dedoc- 
tions  of  a  purely  speculative  character."  He  believed  these  t«» 
be  sufficient  to  convince  the  sceptics  of  the  Portuguese  and 
Spanish  courts  with  the  force  of  the  theoretical  arguments  ecu- 
tained  therein ;  as  is  well  known,  the  results  failed  to  match  his 
expectations. 

It  is  now  understandable  that,  after  such  exi)eriences,  Co- 
lumbus engaged  no  scholars,  scientists,  or  i)riests  to  join  his 
tirst  expedition;  all  his  companions  and  subordinates  were  sail- 

renunciavit  dito  scrcniasimo  rcgi,  nie  present*'  I'tc,  et  hoc  curn  niuxiiua  diligentiii 
])rncuravit. "  BarcoUa  etc.  P.I,  Vol.  2,  p.  3C9,  $860.  Master  Joscpli  is  mentiont-d 
again  in  the  marginal  notes  to  Peter  d'Ailly's  Imago  Mnndi  in  connection  with  th# 
meaanrement  of  the  degree.   Baceolta  etc.  l.c.,  p.  407,  $  490. 

^2  For  more  dt'tails  cfr.  Cesare  de  Lollis,  C.C.  nella  Leggenda  e  neUa  Storia,  Stk 
ed.,  Roma  (1923).  \^.  73  sq. 

a3  Ibid.,  p.  81  sq.  and  95  sq.;  J.  B.  Thacher,  CO.,  I,  1903,  p.  417  sq. 

a* Letter  to  the  Nurse  of  Prince  Juan.  Raccolta  etc.,  P.  I,  VoL  2,  p.  73,  Ifi: 
Thacher.  (»/'•  f'^M  TI,  p.  423. 

-••  The  text  of  the  Letters  in  Baceolta  etc.,  P.  I,  Vol.  1,  p.  364  sq.;  Thacher,  I. 
p.  300  sq. 
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ors  and  routine  men  of  different  practical  professions.^"  And, 
probably  for  the  same  reason,  lio  refused  to  cngaij;c  a  competent 
astronomer  as  navigating  officer  for  his  second  voyage  and,  at 
the  end  of  liis  career,  expressed  the  belief  that  he  was  directed 
in  his  discoveries  by  prophetic  visions  and  by  the  will  of  God. 
This  certainly  was  not  his  opinion  during  tlie  period  of  his  sup- 
posed corresi)()ndence  with  Toscanelli,  when  he  was  seeking  to 
gather  from  various  sources  scientific  evidences  as  an  aid  for 
his  projected  voyage.-'    Nor  could  it  have  been  his  belief  to  be 
"a  man  sent  from  God"  that  determined  him  to  refuse  the 
mathematician  suggested  by  the  Queen ;  undoubtedly  he  was  con- 
vinced that  the  assistance  of  this  learned  astronomer  w^ould  have 
been  devoid  of  practical  benefit.    As  the  objective  of  his  enter- 
prise was  to  reach  an  (undisclosed)  section  of  Eastern  and 
Southern  Asia  vaguely  designated  as  Indian  and  described  by 
classical  authors  as  well  as  by  Marco  Polo,  Mandeville,  and 
Toscanelli,  it  is  probable  that  Columbus  had  in  mind  the  remarks 
of  Solinus  concerning  the  navigation  in  those  waters,  where,  as 
the  Latin  geographer  affirms,  observation  of  the  stars  was  use- 
less or  even  impossible."   Through  Peter  d  'Ailly 's  Imago  Mundi 
he  had  learned  of  this  passage  of  Solinus,^*  whose  statements  of 
a  descriptive  and  imaginary  character  were  propagated  in  all 
the  works  of  scholarly  and  popular  geography  of  the  period.^" 
In  any  case,  neither  Columbus  nor  Vespucci — a  less  pious  Floren- 
tine and  a  man  inclined  to  an  even  more  realistic  evaluation  of 
such  expeditions — engaged  cosmographers  or  mathematicians  to 

The  names  of  Columbus's  companions  and  of  the  members  of  his  crew  are  men- 
tioned— in  Alicia  B.  Gould  y  Quincy's  "Nuova  Lista  Uocuniontnda  dc  los  Tri])ulante8 
de  Col6u  en  1492"  in  Boletin  de  la  B.  Acadcmia  de  la  HUtoria,  Madrid,  1924-1928. 

37  The  late  Dr.  Cecil  Jane  insisted  on  the  assertion  that  Columbus  considered  his 
t  iitnitrise,  since  the  beginning,  as  a  divine  mission  directly  inspired  by  God.  Cfr. 
the  Introduction  to  Srlcct  Documents  etc. 

28 '  *  Nulla  in  navigando  sidera  observatio,  utpote  ubi  septeutrionea  uequaquani 
yidentur  vergiliaeqne  nnmquam  apparent".  (C.  Julii  Solini,  Collectanea  rentm 
fnemorahilinm,  ed.  Th.  Mommsen,  Berlin  1864,  p.  218.)  "Observatione  itaque  navi- 
gandi  nulla  suppeteute,  ut  ad  destinatum  pergentes  locum  capiant,  vebuut  alites  etc. ' ' 
(ibid.). 

20 E.  Bnron,  Ymago  Mundi  de  Pierre  d*AiUy,  Paris  1930,  II,  p.  395.    The  pas- 
sage was  partially  underlined  and  annotated  by  Columbus  {Eaccolta  etc.,  P.  I,  II,  p. 

395,  $  320).  ' 

30  Cfr.  Oh.  V.  Langlois,  La  Connaissance  de  la  Nature  et  du  Monde  au  Moyen 
Age,  Paris  1927.    Mandeville  (Travel*,  Chapt.  XXXni)  affirms  that  "in  those 

islands  {i.e.  of  Taprobane  and  the  East  Indies)  men  see  there  no  stars  so  clearly  as 
in  other  places.  For  there  appear  no  stars,  but  only  one  clear  star  that  men  clepe 
Canopus ' 
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assist  them  in  tlieir  iiavigatioii.  Evidently  the  confidence  r»f 
these  men  in  the  resources  of  science  was  limited,  being  confined 
to  the  theoretical  premises  of  their  undertakings.  They  were 
adventurers  who  trusted  in  their  experience,  intelligence,  and 
endurance,  expecting  to  find  wonders  and  adventures — ^and 
profits — ^in  unknown  lands. 

The  reports  of  all  mediaeval  travellers  show  an  identical 
standpoint  as  regards  the  selection  and  description  of  the  facts 
that  were  taken  into  closest  consideration.  Their  interests  were 
directed  mainly  to  earth  and  man,  occasionally  to  beasts  and 
monsters,  sometimes  to  supposed  wonder-working  enchantments. 
The  increase  of  realism  in  the  accounts  of  the  travellers  after 
the  Franciscan  missions  in  Asia  during  the  13'^  century  did  not 
affect  tins  general  tendency.  In  reports  of  this  type,  as  well  as 
in  all  fiction  and  poetry  of  the  Middle  Ages  and  the  Renaissance. 
Nature  constitutes  an  accessoi-y  element  of  the  luirrative,  being 
merely  a  frame  for  human  life,  activity,  and  events.  For  ex- 
ample in  the  romance  of  Awadis,  where  the  principal  events 
take  place  in  imaginary  islands  of  phantastic  archipelagos,  land- 
scape and  natural  scenery  appear  exclusively  in  this  function. 
And  they  are  represented  with  no  more  words  and  in  no  differ- 
ent terms  than  those  which  Columbus,  at  the  same  time,  used  to 
describe  the  natural  aspects  of  the  Bahamas,  observed  by  him 
immediately  after  his  landing  at  Guanahani.  It  seems  that,  at 
the  beginning,  he  gave  no  great  attention  to  them,  so  that  these 
first  descriptions  are  lacking  in  color  and  detail. 

This  attitude  toward  Nature  and  the  natural  landscape  \\a< 
characteristic  not  only  of  all  the  explorers  of  Africa  and  Amerira 
during  the  15*''  century,  but  also  of  Marco  ]*olo  and  the  travellers 
before  and  after  him.  The  essential  difference  between  the 
oceanic  navigators  and  these  continental  travellers  lies  in  the 
fact  that  the  latter  came  into  contact  with  highly  civilized  peo- 
ples or  with  nations  influenced  by  such  peoples,  while  the  others 
discovered  primitive  or  savage  tribes  who  lived  in  a  state  of 
nature. 

If  we  compare,  for  instance,  the  account  of  Aloise  da  Cada- 
mosto's  voyages  to  the  western  coast  of  Africa  with  Columbus's 
Journal  and  Letter  of  the  first  voyage,  or  with  Dr.  Chanca's 
report,  we  shall  find  a  similar  state  of  mind  revealed,  according 
to  which  the  purport  and  the  substance  of  their  records  are 
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limited  to  a  few  arguments  of  an  analogous  nature.^*    On'  his 
voyage  from  Cape  Saint  Vincent  in  March  1455  to  the  Canaries 
atid  thence  along  the  African  coast  as  far  as  Senegal,  the  Gambia, 
and  the  Cape  Verde  Islands,  the  young  Venetian  nobleman  and 
trader  was  particularly  interested  in  the  inhabitants.    The  em- 
phasis of  his  narrative  is  placed  on  the  description  of  their 
stature,  appearance,  life,  customs,  houses,  markets,  products, 
and  beliefs ;  this  is  followed  by  a  vivid  and  detailed  enumeration 
of  the  strange  animals  living  in  that  region.   But  the  geo- 
^aphical  details  are  limited  to  cursory  remarks  and  to  the 
names  of  countries,  islands,  capes  and  rivers;  the  whole  is  just 
sufficient  for  a  rapid  orientation.   Nor  is  there  a  word  concern- 
ing the  change  of  the  stars  or  the  aspect  of  the  sky. 

A  century  before,  Giovanni  Boccaccio  had  givt-n,  in  the  same 
style,  a  colorful  description  of  tlie  natives  of  the  Canary  Islands, 
availing  himself  of  the  infoi'mation  which  had  reached  Florence 
from  Seville  and  which  concerned  the  expedition  organized  in 
1341  by  Xiccoloso  da  Recco  and  Angiolino  de'  Corbizzi." 

Taking  a  broad  view  of  the  evolution  of  travellers'  accounts, 
as  representing  a  particular  branch  of  the  literature  of  the  late 
Middle  Ages,  we  may  infer  from  all  these  coincidences  that  the 
records  of  (\)lumbns  do  not  deviate  substantially  from  a  tradi- 
tion  which  had  been  kept  alive  by  a  lasting  spiritual  attitude  and 
which  corresponded  with  the  culture,  the  education  and  the  in- 
terests of  all  prominent  voyagers  of  the  epoch  of  the  great 
discoveries. 

It  is  possible  to  draw  some  important  conclusions  from  this 
statement,  but  first  we  must  abandon  the  general  opinion  which 
presupposes  the  existence  of  a  certain  discrepancy  between  the 
voyagers  as  authors  and  the  public  as  readers.  The  Journal 
of  Columbus  was  not  composed  with  the  intention  of  impressing 
the  sovereigns  and  the  court  with  tempting  prospects  of  further 
expeditions  even  more  successful;  on  the  contrary,  it  must  be 
understood  as  representing  a  series  of  monologues  of  a  vivid 
and  intense  spirit  approaching  a  new  tield  of  experience  and 
disclosing  his  impressions  and  emotions  in  fi-ank  words,  genuine 
and  unadorned.    Thus,  from  time  to  time,  there  is  in  his  descrip- 

'1  R.  Caddoo,  T.r  Xaripnsioni  Aflnntirhe  di  A.  (In  Ca  da  'Slo.'tin  etc.,  2nd  odit., 
Milaiio  1929,  English  tniiislatiou  with  Introduction  and  notes  by  G.  R.  Crone,  The 
Voyages  of  CadamostOf  London,  Haklnyt  Society,  1937. 

*2  Caddeo,  op.  eit.,  p.  141  sq. 
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tions  and  pictures  a  lyrical  note  arising,  on  especial  occasions, 
to  higher  accents,  in  which  a  sympathetic  sensitivity  may  recog- 
nize a  poetical  vein  and  an  aspiration  toward  a  nobler  and  more 
artistic  style.** 

This  nnmistakable  ring  of  Columbus's  prose,  as  well  as  the 
bulk  of  the  positive  remarks  contained  in  the  Journal,  prove  the 
genuineness  and  the  reliability  of  Las  Casas's  quotations  and 
abstracts.   Nothing  essential  has  been  left  out  in  the  latter 's 

precis — at  least,  in  the  passa»;es  concerning  Columbus's  landfall 
and  his  navigation  amoii*>-  tlie  Bahama  Islands,  nor  did  tlie 
original  contain  more  details  of  his  navigation  than  tho^o  re- 
vealed by  the  unabbreviated  or  the  integral  passages  of  the 
Journal. 

It  was  not  until  his  third  voyage  that  Columbus,  sailing  near 
the  equinoctial,  undertook  a  more  systematic  observation  of  the 
position  of  the  stars,  each  night  "marvelling  at  such  a  change  in 
the  heavens''."   At  this  point  Las  Casas  refered  to  the  Ad-  [ 
miral's  astronomic  observations  as  carried  out,  it  would  seem,  i 
in  a  poetical  mood  rather  than  with  scientific  procedure.  This 
does  him  more  credit  than  if  he  had  taken  calculations,  and  made  j 
observations,  which  would  inevitably  have  turned  out  to  be 
erroneous  and  misleading.    For  the  rest,  he  was  a  man  of,  his 
time,  accustomed  to  consider  the  world  "sub  specie  liumani- 
tatis"  in  spite  of  his  religious  piety  and  exalted  devotion.  He 
followed  the  anthropoconl  ric  tendencies  of  his  epoch,  which 
transformed  the  earth  into  a  stage  displaying  a  gay  tableau  of 
various  human  singularities. 

While  the  geography  of  scholarly  tradition  still  peopled  the 
exotic  regions  of  the  earth  with  all  sorts  of  imaginary  monsters, 
Columbus  looked  upon  this  "handsomely  formed  people"  of  the 
Lucayos  with  the  delight  and  the  appreciation  of  an  artist  of 
the  Renaissance.  Vespucci  did  the  same  a  few  years  later,  ex- 
pressing his  admiration  for  the  well  proportioned  bodies  of  the 
South  American  natives,  whose  barbarous  customs  he  described 
with  keen  interest  but  less  benevolence. 

33  Alexandrr  von  Hmnboklt  pointod  out  repeatedly,  and  with  admiration,  the 
peculiarities  of  Columbus'  style,  generally  disregarded  by  the  Admiral's  biograph- 
ers. (Cfr.  Exameii  Critique  de  I'Eistoire  de  la  Geographic  du  Xouveau  Continent, 
passim,  and  especially  Vol.  Ill,  Paris  1837,  p.  227  sq.  and  Cosmos,  II,  A,  Chap.  1.) 

'■i-t  Ravcolta  etc.  P.  I,  Vol.  II,  p.  24,  I.  10  (Las  Casas  precis  of  Columbns'  narra- 
tive of  the  third  voyage).  i 
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During  his  cruise  from  island  to  island  Columbus's  attitude 
seems  to  have  changed  very  slowly.  The  adjustment  of  his  mind 
to  tlie  unusual  aspects  of  the  country  was  generally  cautious  and 
i^roping,  and  he  was  seldom  dazzled  by  his  enthusiasm,  in  spite 
the  exaggerated  expectations  which  he  held  to  tenaciously 
during  the  whole  way. 

If  we  consider  the  notes  of  the  Journal  in  themselves,  avoid- 
ing- the  common  tendency  of  his  biographers  to  make  an  epic  or 
a.  dramatic  paraphrase  out  of  his  own  unadorned  and  dispas- 
sionate expressions,  then  we  may  recognize,  through  Columbus's 
words,  what  actually  went  on  in  his  mind,  influencing  his  de- 
cisions and  inspiring  his  opinions.    In  this  wa}'  we  lieeome  able 
to  fix  the  limits  of  his  imagination  and  to  measure  the  extent  of 
liis  sense  of  realism. 

Sailing  between  the  Baliauias  or  along  the  shores  of  Cuba 
and  Haiti,  Columbns  steadily  develo|)e(l  his  ability  of  dislingnisli- 
iiig'  the  different  asjjeets  oi'  theii'  landsea])('s  and  exotic  vegeta- 
tion, as  each  newly  discovered  land  seemed  to  him  more  beautiful 
than  the  one  last  described.    It  is  an  extremely  interesting  task 
to  follow  the  dilTerent  stages  of  this  spiritual  conquest  of  the 
New  World  as  it  progressed,  day  by  day,  in  the  Admiral's  con- 
sciousness.   This,  however,  should  be  the  subject  of  a  sjxcial 
investigation;  at  present  we  are  concerned  only  with  his  first 
impressions,  considered  as  the  starting  point  of  his  gradually 
widening  interest  in  the  islands  and  as  a  reliable  measure  for 
the  increasing  dimensions  of  his  intellectual  horizons.   His  con- 
cluding remarks  about  the  landscape  and  vegetation  of  the 
Bahamas  prove  that  his  discernment  and  penetration  in  ex- 
periencing and  observing  the  Xew  World  failed  fully  to  reveal 
themselves  in  sight  of  il>  natui-al  aspects. 

On  October  lo  Columbus  landed  at  Santa  Maria  de  la  (N)n- 
cepcion,  which  is  supposed  to  be  the  Iium  Cay  of  the  JJahamas; 
he  went  through  the  island  paying  attention  mainly  to  the  actions 
of  tile  natives  as  observed  in  his  intei'course  with  them.  As  for 
the  landscape  he  notes  only  that  ''these  islands  are  very  green 
and  fertile,  and  the  breezes  very  soft",  deducing  (on  more  than 
one  occasion)  from  this  fact  that  they  might  be  hiding  many 
valuable  but  unknown  things.'" 

3s  Ibid.,  P.  I,  Vol.  I,  p.  21,  1.16,  The  pa.-^ige  reads  in  the  Spanigh  text,  "ayres 
may  dulces". 
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Tlie  desc*rii)ti()n  of  the  island  points  out  no  distinctive  trait-, 
and  the  terms  cmi^loyod  seem  to  be  even  poorer  and  emptier 
than  those  used  a  lew  days  earlier  in  reference  to  the  shores  and 
the  gardens''  of  Guanahani.  But  after  the  statements  and 
comments  above,  it  would  be  an  error  of  historic  perspective  to 
ask  for  more  objective  details  and  personal  impressions,  or  t<» 
infer  from  the  deficiencies  of  the  descriptions  that  Columbus 
was  indifferent  to  the  charms  of  the  West  Indian  landscape* 
In  ]-oality  we  can  easily  establish  that,  in  the  further  course  <>f 
his  explorations,  his  desciiptions  became  more  and  mr>ro  elo- 
quent, circumstantial  and  lyrical,  as  the  natural  as])ects  f>f  thi^ 
islands  visited  by  him  seemed  more  and  more  to  be  in  harmony 
with  ideal  landscapes  of  poetical  features,  animated  by  lofty 
mountains,  gleaming  rivers,  evergreen  trees,  and  singing  night- 
ingales." 

But  obviously,  though  considered  as  belonging  to  "India", 
the  two  islets  first  discovered  in  the  Bahamas  seemed  still  to  be 
far  from  Ophir,  Paradise,  and  the  enchanted  wonderlands  of 
the  East.    To  Columbus  these  small,  flat,  green  islands  vere 

pleasing  and  curious  indeed,  ])ut  evidently  not  as  attractive  or 
tempting  as  the  larger  Bahamas,  Cuba  or  Haiti  a])i)earod  to  him 
latei'.  And  in  the  course  of  his  cruise  (^olumbus's  ay)])reciation 
was  (|uite  justified,  revealing  by  this  graduation  of  im])re.ssioii- 
and  expressions  the  sincerity  of  his  emotion  and  the  honesty  of 
his  words. 

In  spite  of  the  pleasure  he  took  in  looking  upon  them,  these 
islands  inhabited  by  **a  people  poor  in  everything",  were  not 
sufficiently  valuable  or  promising  to  detain  the  ambitious  Ad- 
miral and  his  escort  of  unsentimental  sailors  and  adventurers. 
Therefore  he  left  to  go  about  seeking  traces  of  the  things  he  was 
expecting  to  find  in  the  discovered  region.  The  vegetation, 
though  consisting  ''of  the  most  beautiful  trees  he  ever  saw", 
seemed  to  promise  little  as  to  the  value  of  their  produce.  TYw 
small  bundles  of  cotton  offered  by  the  natives  hardly  represented 
precious  merchandise,  nor  could  the  tiny  pieces  of  gold  wliich 

soCfr.  Gesare  de  LoUis,  op.  cit.,  p.  138,  and  R  Men6ndez  Pidal's  remarkable 
article  on  "La  Lcngua  de  Cristobal  Col6n"  in  Bulletin  Hispanique,  Bordeanz,  1940. 

p.  1  sq. 

3"  Cfr.  the  Storia  Letteraria  dcUc  Scopcrte  Geografichc  quoted  above  (n.  20), 
p.  11  sq. 
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he  saw  ilaiigliiig  from  the  nones  of  some  of  tlie  natives  have 
given  liim  })roof  of  the  supposed  vicinity  of  C'ipani'o. 

Consequently,  what  Cohiml)us  saw  on  landing  in  the  West 
Indies,  though  perhaps  sufficient  to  confirm  a  preconceived  opin- 
ion about  the  exotic  countries  he  expected  to  discover,  could,  by 
itself,  certainly  not  have  been  able  to  inspire  the  visions  which 
he  had  of  the  riches  and  wonders  of  Eastern  Asia.  This  proves 
the  groundlessness  of  Vignaud's  assumption  that  it  was  only 
when  he  was  in  sight  of  the  Bahamas  that  Columbus  decided  to 
direct  his  expedition  toward  Cipango  and  the  empire  of  the 
Grand  Khan.  No  less  untenable,  from  this  angle,  appears  the 
<>pinion  of  Dr.  Jane,  that  the  great  enterprise  of  crossing  the 
ocean  was  without  a  definite  geographical  objective." 

From  the  first  impressions  gathered  soon  after  his  landfall, 
we  are  able  to  recognize  the  circnmstances  which  induced  (Colum- 
bus to  ])elieve  that  he  had  reached  tlie  l)orderlands  of  the  Asiatic 
continent  for  which  he  had  set  sail  more  than  three  montlis  be- 
fore. Beholding  the  seemingly  innumerable  islands  of  the 
Bahama  group,  he  certainly  identified  them  as  belonging  to  the 
huge  insular  region  so  impressively  described  by  Marco  Polo 
and  indicated  in  the  map  which  the  Admiral  carried  on  board." 
Besides  the  general  impression  he  received  of  the  fertility  of  the 
soil,  the  luxuriant  vegetation,  the  apparently  evergreen  trees, 
and  the  **very  soft  breezes''  seemed  to  correspond  with  the  wide- 
spread image  of  India  and  the  Far  East,  as  sketclicd  by  all  the 
ancient  and  mediaeval  authors  dealing  with  geograi)lncal  matters 
familiar  to  Columbus,  and  irrefutably  confirmed  by  Marco  Polo's 
enthusiastic  descriptions.'"  These  were  the  inducements  which 
stimulated  the  Admiral  to  start  immediately  his  search  for  gold, 
even  though  the  condition  of  the  natives  seemed  not  very  en- 

Cf r.  the  Introduction  to  his  edition  of  Select  Documents  etc.  and  to  the  Eng- 
lish  translation  of  The  Voyages  of  Christopher  Columbus,  London,  The  Argonaut 
Press,  1930). 

39  It  waa  only  on  November  14th  tluit  Columbus  expressed  the  belief  that  he  dis- 
covered ''those  innumerable  islands  that  are  depicted  on  the  maps  of  the  world  in 

the  Far  East"  (Tlacrolta  etc,  P.  I,  Vol.  I,  p.  42),  but  the  mention  of  Cipango  im- 
inerljatcly  after  the  discovery  of  the  Bnhamns  (Jbid.,  p.  ]8)  proves  that  he  certainly 
included  the  latter  in  the  same  region  of  Eastern  Asia  represented  in  the  maps  of 
Fra  Manro  and  Martin  Behaim,  and  in  that  of  Toscanelli  supposed  to  have  been  on 
board  of  Columbus's  caravel. 

-«oCfr.  Pot.T  d'Ailly's  Iviago  Minidi,  ed.  E.  Buron,  Vol.  I,  Ch.  15  and  16,  p.  258 
tjq. ;  Mandeville's  Travels,  Ch.  XXXll  sq.  and  the  treatises  condensed  and  annotated 
hy  Ch.  y.  Langlois,  op.  cit.,  passim. 
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CM )u raging*  for  tins  ])ur])()so.  His  confidoiice  ut*  siiccoss  cam*' 
from  the  expcctatioiis  wliicli  ln'  and  liis  cnmpanions  brought  with 
them  from  8])ain.  These  were  all  men  who  had  grown  up  and 
been  educated  in  an  epoch  when  h)gieal  deductions  drawn  from 
supposedly  indisputable  premises  still  were,  at  the  least,  as  con- 
clusive as  practical  experiences. 

As  the  natural  aspects  and  the  lovely  climate  of  the  country 
seemed  to  confirm  their  belief  that  they  had  landed  in  a  country 
belonging  to  India*',  the  existence  of  gold  somewhere  in  the 
immediate  geographical  neighborhood  was  assured  for  them  all 
by  simple  and  uncontestable  implication,  in  spite  of  the  fact  that 
the  traces  of  the  precious  metal  were  insignificant,  and  the  gold 
mines  themselves  invisible. 

The  discrepancy  between  Columbus's  increasing  conticlence 
in  his  excited  search  for  gold,  and  the  disappointing  lack  of 
signs  indicating  its  actual  existence  in  tlie  newly  discovered 
islands,  has  given  rise  to  unfounded  and  misleading  speculations 
which  have  deeply  affected  the  opinion  of  his  character  and 
personality  and  which,  at  the  same  time,  have  altered  and  en- 
tangled the  essential  historical  problems  connected  with  his 
achievements.  It  is  out  of  these  assumptions  that  the  doubts 
as  to  his  reliability  and  good  faith  have  grown  up  in  recent 
literature  devoted  to  the  Admiral,  who  is  re])resented  in  l)injj:- 
ra])hies,  fiction  and  essays  as  a  fraudulent  adventurer,  a  greedy 
pirate,  an  exalted  fool,  a  professional  impostor  or,  in  the  best 
of  cases,  as  an  anticii)ated  Don  Quixote  of  the  Ocean. 

Placing  his  emphasis  on  this  striking  contradiction  between 
actual  experience  and  wishful  interpretation  of  facts,  even  the 
best  informed  of  the  Italian  biographers  of  Columbus  over- 
looked, minimized,  or  denied  all  the  other  interests  of  the  dis- 
coverer in  the  natural  aspects  of  the  islands ;  **  consequently  he 
considered  Columbus's  descriptions  of  landscape  merely  as 
rhetorical  padding  or  as  irrelevant  and  conventional  utterances. 
In  a  book  as  eloquent  as  it  is  unconvincing,  Salvador  de  Ma- 
dariaga  recently  expressed  the  beliel"  thai  the  intense  and  tena- 
cious greediness  of  Columbus  for  gold  represented  a  typical 
manifestation  of  the  Jewish  character;  in  accordance  with  this 
ancient  prejudice  he  concluded  that  the  Atimiral  was  the  scion 

41  Cesare  de  Lollis,  op.  cit.,  p.  12  sq.  and  138. 
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ol'  a  Spaiiisli  family  of  convcrs().s  who  liad  emigrated  to  Genoa 
iu  the  fourteenth  eeiitui-y.'*- 

All  these  authors  ignore  the  faet  that  a  thirst  for  <;-okl  and 
similar  visions,  more  or  loss  ecstatic,  of  wealth  and  lustre,  con- 
stituted, in  the  age  of  the  discoveries,  the  principal  economic 
inducement  that  inspired  the  Portuguese  navigations  to  the  West 
African  coast  and  India,  the  Spanish  conquest  of  the  Xew  World 
and,  a  century  later,  the  expedition  of  Sir  Walter  Ealeigh  to 
Guiana.  Columbus  started  from  Spain  with  just  such  visions 
and  expectations  in  his  mind,  and  no  premature  disappointment 
was  able  to  shake  his  confidence  or  the  power  of  his  arguments 
based  on  old  traditions  and  authoritative  premises.  Gold  repre- 
sented the  only  jjrofit  immediately  realizable  of  such  costly 
enterprises,  and  provided  the  most  direct  means  of  financing 
an  oceanic  expedition  in  this  critical  eijocli  of  Spain's  economic 
life.  This  is  the  sini])l('  and  the  true  reason  for  the  ])i'edomi- 
nance  of  the  li-old-motif  in  ( 'oluiiil)ns 's  Journal,  quite  apart  from 
pretended  racial  influences  oi-  jjersonal  instincts. 

It  is  a  matter  of  fact  that,  shortly  after  landini*  at  (iuanahani, 
he  'Svas  attentive  and  took  trouble  to  ascertain  if  there  was 
gold",*^  and  that  the  search  for  it  became  even  more  intensive 
during  the  course  of  the  cruise.  In  all  places,  his  eyes  were  di- 
rected toward  every  thing  which  might  have  the  glittering  ap- 
pearance of  gold.  We  may  admit  that,  at  the  period  of  the  great 
discoveries,  this  was  the  common  attitude  of  all  the  explorers  and 
conquerors  in  search  of  riches  in  three  different  continents.  But 
before  Columbus  none  of  them  wrote  a  Journal  revealing,  day  by 
day,  their  reactions  and  expectations.  His  records  prove  that, 
from  the  time  of  his  departure  from  Palos,  Columbus  had  been 
certain  of  his  ,<>-eoi»:raphical  .U'oal,  and  aware  of  the  incomparable 
importance  of  his  ex))e(lition,  directed  towai'd  a  country  i)artly 
real,  i)artly  falmlous.    ( 'onse([uently,  the  interplay  between  ex- 

Tlio  otlier  allef^cdly  Jcwisli  traits  diHcnvcrorl  liy  Ma<lnri;iga  in  Columbus's 
character  are  his  "  bargainiug  sense"  and  a  "typically  Jowiah  mobility".  Apart 
from  the  fact  that  the  pretended  Jewish  origin  of  Colambus  could  never  explain  his 
personalitj  and  his  achievements,  one  must  deojily  deplore  that  such  i)orfunctory 
<'ommonplaces,  used  by  unscrupulnus  :i>:jit:itors  for  tlic  ])urj)oso  of  religious  nnd 
racial  persecution,  are  employed  uow  by  talented  and  nun-Sfctarian  authors  as  a 
standard  for  the  interpretation  of  historical  personalities  and  events.  Cfr.  Samuel 
E.  Morison's  book  review  of  ^fadariaga's  biofrrajihy  of  Columbus  (Xew  York,  ]040) 
in  the  Amprican  Jlistnrical  Revinr.  XLV,  1940,  N.  3,  p.  653  sfj.  A  few  lines  in  R. 
Meuendez  Pidal's  article  quoted  above  (n.  3G)  are  sufficient  to  undo  Madariaga's 
speculations  about  the  supposed  Jewish  origin  of  the  Admiral. 
«  October  13th,  Maecolta,  etc.,  P.  I,  V.  I,  p.  18,  L  6. 
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perience  and  im agination  which  is  revealed  in  his  records  and  ob- 
servations, was  dc'lerniined  by  his  expectations  as  well  as  by  his 
vivid  and  enthnsiastie  spirit.  He  was  not  the  only  victim 
such  visions  and  i)]iantoms.  Fascinated  by  the  records  of  the 
Journal  his  biogi"n])hers  have  too  often  overlooked  details  which 
were  more  consistent  and  more  valuable,  preferring:  rather  t<> 
hnnt  ont  his  alluring  and  misleading  illusions  than  to  consider 
the  progress  of  his  personal  experiences.  But  every  cautious 
reader  of  these  records  is  able  to  state  that  the  horizon  of  Co- 
lumbus's interests  increased  simultaneously  with  his  sense  of 
realism,  in  proportion  as  the  gold  mines  of  Cipango  and  Babeque 
vanished  in  the  background  of  the  amazing  and  troubling  West 
Indian  scenery. 

The  different  attitudes  of  the  Admiral  in  regard  to  empirical 
reality  and  remote  possibilities,  are  already  recognizable  a  few 
days  after  his  first  landing.  His  principal  reactions  may  be 
observed  in  the  direct  and  simple  expression  of  his  opinions  and 
in  the  description  of  incidental  events.  For  example,  as  he 
anchored,  on  October  15^*,  at  Santa  Maria  de  la  Concepcion,  a 
few  miles  distant  from  Guanahani,  he  wanted  to  ascertain  if  the 
island  contained  gold — for  he  had  been  told  by  the  natives  taken 
on  board  that  "there  they  wore  large  bracelets  on  the  legs  aiid 
arms"." 

After  some  doubts,  at  tirst,  as  to  the  veracity  of  such  reports, 
he  continued  to  entertain  the  idea  of  peoi)le  going  laden  with 
gold  and  jewels,  an  idea  which  confirmed  and  enhanced  his  h()])e 
and  conlidence  in  the  success  of  the  expedition.'*^  It  can  be  taken 
for  granted  that  this  enticing  ])icture  corresi)onds  rather  with 
popular  ideas  of  Oriental  wealth  and  luxury  prevailing  in  Medi- 
terranean tales,  than  with  the  imagination  of  the  simple  AVest 
Indian  natives.  Nor  is  there  need  to  remind  ourselves  that 
neither  Columbus  nor  any  other  explorer  of  America  was  able 
to  find,  in  any  place,  people  wearing  such  kinds  of  ornaments. 
The  Admiral  who  interpreted  in  this  manner  the  unintelligible 
talk  of  his  Indians  was  the  victim  of  the  same  psychological  illu- 
sions that  lead  us  to  hear  sweet  melodies  in  the  chime  of  church- 
bells,  or  to  discover  in  the  clouds  familiar  features  or  impressive 
images  of  phantastic  shapes. 

**  Oct.  15th,  ibid.,  p.  20,  1.5  sq.  and  21,  1.5  sq.,  18  sq. 

*»A  month  later  (12th  of  November)  the  Admiral  was  quite  convinced  **that 

in  these  islands  there  are  places  where  they  {i.e.  the  Indians)  dig  out  gold,  and  wear 
it  on  their  necks,  ears,  arms,  aud  legs,  the  rings  being  very  large.'* 
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In  dealin":  with  his  search  for  Cipango  and  with  all  the  phan- 
toms which  lured  him,  the  biographers  of  Columbus  have  gen- 
erally emphasized,  and  indeed  excessively,  the  power  of  these 
deceptive  images  and  the  consequences  of  his  misinterpretation 
of  reality.  But  it  is  no  less  significant  for  his  character,  and 
no  less  interesting  for  the  history  of  his  enterprise,  that  such 
winged  illusions  did  not  hinder  him  from  observing  and  describ- 
ing, though  with  apparently  insignificant  details,  the  impressive 
facts  and  events  of  his  discoveries.  We  have  eloquent  proof  of 
this  assertion  shortly  after  his  arrival  in  the  West  Indies. 

It  must  strike  every  attentive  reader  of  his  Journal  that, 
aftei-  liaviiig  consistently  evoked  the  pliantastic  ima,i>v  of  a  people 
covered  with  2:old  from  head  to  foot,  he  immediately  begins  to 
give  an  impressive  graphic  description  of  an  Indian  cominu: 
**aU)ne  in  a  boat  on  his  way  from  the  island  of  Santa  Maria  to 
that  f)f  Fernandina,  carrying'  with  him  a  piece  of  their  bread, 
abont  as  lar,2:e  as  the  fist,  and  a  i^onrd  of  water  and  a  i)iece  of 
brown  earth,  powdered  and  kneaded"/"    Colnmbns  also  noticed 
*'some  dried  leaves — probably  tobacco— which  mnst  be  a  thing 
highly  prized  among  them";  this  he  had  already  observed  at 
Guanahani.    Bnt  the  only  objects  of  valne  owned  by  the  man 
were  a  string  of  beads  and  two  small  Spanish  silver  coins  worth 
less  than  a  dime  each  and  **kept  in  a  basket  of  their  making**.*' 
This  poor  treasure  of  the  lonely  savage  was  taken  along  with 
him  as  evidence,  as  he  went  in  his  boat  from  island  to  island 
announcing  the  arrival  of  **the  men  who  have  come  from 
heaven**.   A  scene  no  less  pathetic  and  impressive  than  are 
some  of  the  more  glorious  episodes  of  Columbus*  adventurous 
life. 

There  is  an  affecting  contrast  between  his  visionary  expec- 
tations and  the  unadorned  reality  which  he  describes  with  such 
symptomatic  delails.  A  small  piece  of  uold  han<;in,i!:  fi'<)m  a  liole 
which  some  of  the  natives  had  in  the  nose  was  for  him,  (»n  Ihe 
first  day  of  his  stay  in  tlie  West  Indies,  indispntable  proof  of 
tlie  existence  in  that  conntry  of  the  precious  metal.  And  on  the 
oilier  hand,  the  entii'e  e<|iii])nient  of  the  Indian  errant  in  his 
boat  was  snfiicieiit  to  re\'eal  to  the  Catholic  soverei<i;-ns  and  to 
every  reader  ("f  the  Journal  the  poverty  and  frugality  of  these 
new  subjects  of  the  Spanish  cro\vn. 

*6  October  15th,  BaccoUa  etc.,  loc.  cit.,  p.  21,  1.20-30. 
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.Thus  we  see  that  it  was  far  from  llie  Admiral's  intention  tn 
mislead  his  sovereigns  by  creating  false  impressions;  we  must 
recognize  that  he  composed  his  Journal  in  a  spirit  of  i)erfect 
sincerity.  Wishful  interpretation  of  the  objects  to  which  hi^ 
attention  was  attracted  may  have  stimulated  his  enthusiasm  and 
his  energy,  but  this  was  without  self-deceit,  and  without  any  in- 
tention to  fool  his  companions,  the  rulers  of  Spain,  or  the  public. 
Against  the  golden  background  of  the  marvels  of  Cipango  thi> 
proeise  observation  of  tlie  smallest  details  of  an  ai)i)arently 
trivial  incident  of  his  voyage  is  exceedingly  eloquent  and  sig- 
nificant. We  may  deduce  from  this  first  instance  that  liis  mind 
embraced,  with  an  energy  of  effective  comprehension,  the  sng- 
gestions  of  imagination  as  well  as  the  apjiearaiices  of  reality. 
Sometimes  these  two  tendencies  may  have  interfered  and  led 
him  to  false  interpretations  and  erroneous  judgments.  But 
without  this  power  of  imagination  he  never  would  have  been  able 
to  discover  something  in  the  reality  of  exotic  life  and  nature. 

These  tendencies  were  correlative,  complementary,  and  not 
opposed  the  one  to  the  other  as  so  many  biographers  have  rep- 
resented them,  thereby  creating,  and  inflating  with  ingenious 
dialectical  artifices,  dramatic  contrasts.  It  was  this  permanent 
intentness  of  his  intellectual  power  that  transformed  the  optical 
perceptions  into  exact,  pni-posive  observations,  the  range  of 
which  gra(hially  extended.  He  looked  at  reality  with  a  spiritual 
eye  and  with  a  breadth  of  interest  and  a  mnltifariousness  of  im- 
pressions that  has  no  ■f)ara]lel  in  tlic  history  of  voyages  and  dis- 
coveries. And  it  is  in  cousetiuciicc  of  this  wide  extension  of  his 
imprcssional)le  sjnrit  that  Columbns  was  a  great  man  and  not 
alone  an  able  navigator  and  explorer.  • 

Likewise  in  Galileo 's  life  and  achievements  there  have  to  be 
considered  not  only  his  exciting  discoveries  in  the  heavens,  and 
his  dramatic,  if  not  scientifically  unobjectionable,  defense  of 
the  Copernican  system ;  conversely,  his  stupendous  observations 
and  speculations  concerning  apparently  more  trivial  phenomena 
(e.g.  the  fall  of  bodies,  the  oscillations  of  the  pendulum)  should 
be  valued  and  studied  with  no  less  admiration — both  in  them- 
selves and  as  the  starting  points  of  a  new  spiritual  evolution  of 
science  and  mankind. 

It  is  time  now  to  detach  Cohnubns's  figure  from  the  golden 
background  against  which  he  is  wont  to  be  painted,  and  to  con- 
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sider  him  in  the  midst  of  the  reality  he  described,  described  with 
personal  accents,  it  is  true,  but  none  the  less,  with  an  increasing 
insight  into  the  peculiarities  of  life  and  nature  in  the  islands  he 
visited.  Thereby  he  became  an  explorer  who  extended  his  dis- 
coveries to  new 'spheres  of  human  experience  and  knowledge. 
The  illusions  tliat  possessed  him  were  fouiuled  on  an  authority 
which  owed  itself  to  tlie  unshakable  nvediaeval  belief  in  religious 
dogmatism  and  ])ookisli  ti-aditions.  The  lack  of  scientific  de- 
tails, the  erroneous  statements  of  a  geographical  or  astronom- 
ical nature,  and  his  neglect  of  the  aspects  of  life  and  nature 
represent  the  limits  of  his  receptivity  and  of  the  intellectual 
and  cultural  horizons  of  his  time.  But  his  independent  approach 
to  the  natural  aspects,  the  landscape,  the  vegetation,  the  climate, 
the  birds  and  animals  of  the  West  Indies,  is  personal  and 
original,  on  the  one  side  influenced  by  a  poetical  temper,  on  the 
other  determined  by  an  uncommon  power  of  realistic  observa- 
tion. 

His  descriptions  of  men  and  beasts,  of  trees  and  rocks,  of 
mountains  and  harbors,  of  forests  and  rivers,  must  be  consid- 
ered in  connection  with  the  entire  evolution  of  travel  narratives 
and  descriptive  literature.  In  this  way  all.  the  apparently  un- 
connected and  necessarily  imperfect  observations  undertaken 
by  the.  Admiral  after  his  landing  in  the  West  Indies  appear  as 
slow  and  circumspect  steps  directed  toward  the  spiritual  con- 
quest of  the  New  World.  Thus,  even  the  small  and  incidental 
descriptive  details  concerning  the  natural  aspects  of  the  islands, 
which  are  contained  in  the  Journal  and  the  Letters  of  Columl)us, 
g^ain  an  increased  significance,  and  may  claim  a  thorough  and 
minute  investigation  of  their  intrinsic  and  comparative  value. 

For  such  an  investigation,  only  the  fragments  of  his  Journal 
possess  a  documentary  interest.  The  indisputable  authenticity 
of  the  passages  devoted  to  his  landing  in  the  West  Indies  fur- 
nishes the  criterion  for  the  reliability  of  Las  Casas*  precis  and 
quotations.  Even  in  this  form  the  Journal  serves  to  reveal  to 
us  that  this  New  World  disclosed  itself  to  the  eyes  of  Columbus 
little  by  little,  as  he  learned  to  distinguish,  in  his  emotional  and 
intellectual  I'cactions,  the  characteristic  marks  of  this  unfamiliar 
.  environment.  And,  therefore,  what  he  saw  and  what  he  failed 
to  see  on  landing  in  the  AVest  Indies  is  equally  signiticant  for  an 
understanding  of  the  Admiral's  personality  and  of  the  results  of 
his  fateful  enterprise. 
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Tlie  effects  of  irradiation  and  heat  on  yeast  were  studied  with  particular  emphasis 
on  changes  in  physiological  propertios  which  could  be  observed  during  or  immediately 
following  trpntnicnt.  Wave  lengths  sliortcr  than  2'20n  A  wore  found  to  rcrluce  im- 
mediately the  rate  of  respiration  and  cause  cells  to  stain  with  methylene  blue.  Ir- 
radiation with  X2650  caused  little  reduction  in  the  rate  of  respiration,  but  prevented 
the  iu»rni:il  increase  of  respiration  in  nutrient.  Exposure  to  a  temperature  of  50°  C. 
rapitily  reduces  the  rate  of  respiration,  hut  brings  about  only  a  gradually  increasing 
tendency  of  the  cells  to  stain  with  methylene  blue.  All  these  treatments  rapidly  re- 
duce the  colony-forming  ability  of  the  cells. 

"When  heat  and  radiation  treatments  were  combined  it  was  found  that  irradiation 
sensitized  both  the  colony-formiug  ability  and  the  staining  resistance  to  subsequent 
heat  treatment.  On  the  other  hand,  the  rate  of  respiration  was  found  to  be  inde- 
pendent of  the  order  of  heat  and  radiation  treatments. 

These  and  further  results  are  consistent  witli  tlic  view  that  wave  lengths  sliorter 
than  2200  A  and  heat  act  directly  on  the  respiratory  and  stain  resisting  meciianisms. 
In  preventing  the  normal  increase  in  respiration  \2650  inactivates  nucleoproteins  re- 
sponsible for  the  production  of  one  or  more  links  in  the  enzyme  chain.  That  irradia- 
tion of  cells  with  X2650  sensitizes  the  cells  to  killing  by  heat  suggests  that  some 
nucleoproteins  may  be  injured  (bonds  broken)  by  irradiation,  without  destroying  pat- 
terns for  the  foimation  of  additional  cellular  constituents.  However,  patterns  so 
weakened  are  readily  destroyed  by  heat. 

I.  Introduction 

In  previous  work  from  this  laboratory  on  the  effects  of  radi- 
ation on  microorganisms,  particular  attention  has  been  given  to 

problems  of  survival  and  the  multiplication  of  surviving  cells  in 

nutrient  .solution.  Althouirh  the  results  were  most  interestin":, 
it  seemed  difficult  to  make  a  uniquely  satisfactory  explanation  of 
the  elTects  pi  odueed. 

In  continuation  of  these  invest iuations,  the  jjresent  work  is  a 
study  of  the  effects  of  irradiation  on  certain  physiolouical  func- 
tions of  the  cell,  respiration  and  stainal)ility,  in  tiic  iiopc  that 
some  explanation  could  be  advanced,  or  so  that  at  least  certain 
possible  explanations  could  be  eliminated.    The  etf  ects  of  waves 
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of  various  lengths  were  studied  and  it  was  found  that  thev  w<r- 
selective  in  tlieir  action  on  the  cellulai"  constituents.    In  ad  L 
tion,  the  effects  of  lethal  temperatures,  alone  and  combined  : 
various  ways  with  irradiation,  were  studied  and  certain  sen?ir- 
zations  to  heat  of  the  cellular  constituents  were  found  to  be  ])r 
duced  by  irradiation.    The  techniques  employed  also  made  il 
possible  to  determine  roughly  the  time  required  for  the  iignrT 
of  one  physiological  function  or  cellular  constituent  to  be  re- 
flected in  injury  to  another.   Direct  evidence  for  the  interde- 
pendence of  cellular  constituents  and  functions  was  therefor? 
obtained.   An  attempt  is  made  to  explain  these  results  and  thos< 
of  previous  investigators  in  terms  of  modern  chemical  theories 
of  biological  activity. 

This  investigation  was  supported  by  a  grant  from  the  Con.-  i 
mittee  on  Kadiation,  Division  of  Biology  and  Agriculture,  X;i 
tional  Research  Council.    The  authors  also  acknowledge  assi>! 
ance,  ])y  way  of  apparatus  furnished,  from  the  (rraduate  School. 
I^niversity  of  Wisconsin,  and  the  Wisconsin  Alumni  Kesearcli  j 
Foundation. 

II.  General  CoNsroERATioNs 

A.  The  Survival  of  a  Population  of  Cells  Exposed  to  a  SinfjiU 
Lethal  Agent. — ^If  a  population  of  a  single  strain  of  micro- 
organisms is  exposed  to  a  lethal  agent  the  percentage  of  killed 
organisms  increases  with  the  time  of  exposure.  The  shape  of 
the  survival-time  curve  doubtless  depends  first  of  all  on  the 
nature  of  the  chemical  reaction  or  reactions  brought  about  by 
the  particular  agent  under  consideration.  Until  proof  to  the 
contrary  is  provided  it  seems  most  desirable  to  assume  that  the 
same  considerations  of  ])robal)ility  which  detei-mine  the  rates  oi 
chemical  reactions  determine  the  rates  of  all  reactions  in  hi 
ological  systems  (Delbriick,  1940).  However,  biological  systeiiu- 
ditfer  greatly  in  complexity  from  ordinary  chemical  systems. 
The  unit  of  l)iological  activity,  the  cell,  is  tremendous  in  size 
compared  to  the  ordinar  y  unit  of  chemical  activity,  the  molecule. 
The  cell  may  be  regarded  as  a  great  number  of  chemical  systems 
all  more  or  less  closely  linked  together  and  cooperating  in  physi- 
ological activity,  thus  maintaining  a  balance  or  **  dynamic  equi- 
librium'* (Lillie,  1932)  between  the  cell  and  its  surroundings.  If 
one  of  the  chemical  systems  is  interfered  with  (by  the  action  of 
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a  lethal  aneiit)  the  balance  between  many  or  all  the  chemical 
systems  may  be  disturbed;  if  sufficiently  disturbed,  repair  will 
not  set  in,  the  changes  become  irreversible,  and  eventually 
** death"  is  said  to  ))e  the  result.  The  sharpness  and  rapidity 
with  which  certain  biological  reactions  occur  is  quite  analogous 
to  that  of  certain  so-called  cooperative  phenomena  familiar  in 
physics  and  chemistry.  Indeed,  as  a  system  in  which  there  is  a 
large  and  steady  interaction  between  a  whole  set  of  chemical 
systems  (molecules)  certain  reactions  of  a  biological  system, 
such  as  cell  division,  for  examplCf  might  well  be  regarded  as  of 
this  type.  In  considering  the  cell  as  a  chemical  system  it  is 
therefore  necessary  to  keep  these  features  of  its  activity  in  mind. 

The  second  factor  which  will  determine  the  shape  of  the  sur- 
vival-time curve  is  the  fact  that  the  individual  organisms  in  a 
population  vary  not  only  in  appearance  nnder  the  microscoy)e 
— size,  shape,  position  and  size  of  vacuoles,  etc. — l)nt  also  as  to 
the  chemical  composition,  de])ending  for  any  given  cell  on  its 
age,  the  age  of  the  culture,  the  nature  of  the  medinm,  and  a  ureat 
number  of  other  factors.  Since  the  chemical  compositions  of  the 
different  cells  may  be  assumed  to  l)e  different,  a  poj)ulation  might 
be  expected  to  vary  in  resistance  to  the  lethal  agent.  It  seems 
very  likely  that  statistical  results  on  lethal  effects  obtained  with 
a  population  are  therefore  due  to  the  superposition  of  the  prob- 
abilities involved  in  the  kinetics  of  the  chemical  reactions  on  the 
probabilities  involved  in  their  l)iological  variation. 

It  would  be  extremely  di  Hi  cult  if  not  impossible  to  separate 
the  two  probability  factors  which  affect  the  results,  for  it  should 
always  be  possible  to  account  for  a  given  survival-time  curve  by 
either  factor  alone — either  by  a  suitable  chemical  mechanism  or 
by  postulating  a  suitable  distribution  of  the  cells  with  respect 
to  sensitivity.  Extraneous  agents  are  known  to  affect  the  shapes 
of  the  curves,  but  they  may  be  looked  upon  as  affecting  either 
the  mechanism  of  the  reaction  or  the  distribution  of  the  cells  as 
to  sensitivitv. 

On  the  basis  either  of  chemical  kinetics  or  of  biological  vari- 
ability we  miuiit  expect  the  cells  Avhich  suivive  exi)osure  to  a 
lethal  agent  to  behave  in  a  different  f.ishion  from  the  controls. 
On  the  one  hand,  if  the  lethal  action  is  due  to  a  chain  mechanism 
survivals  would  contain  the  pi-oducts  of  the  (unfini-licrl)  chain 
as  well  as  the  products  of  reactions  induced  by  the  lethal  agent, 
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])ul  which  do  not  noniially  lead  to  lethal  etTects.  On  the  other 
hand,  we  should  cei'tainly  ex])eet  the  more  resistant  eells  which 
survive  treatment  to  l)e  dilTerent  from  controls  in  other  i-es]>e'  t- 
than  merely  their  resistance  to  the  lethal  a:nent.  It  seiMiis  j>rt»b- 
able  that  both  factors,  chemical  kinetics  and  biolojj^ical  vari- 
ability, are  responsible  for  the  behavior  of  survivinu;  cells. 

B.  The  Lethal  Action  of  High  Temperatures. — The  problem 
of  the  mechanism  responsible  for  the  lethal  action  at  hii»:h  tem- 
peratures has  been  recently  rcview^ed  by  Belehradek  (1935). 
The  number  of  plausible  mechanisms  is  very  great,  suggesting 
at  once  that  high  temperatures  affect  directly  a  large  proportion 
of  the  constituents  of  the  cell,  i,e.,  that  the  action  of  heat  is  non- 
specific.  The  temperature  coefficients  of  the  lethal  action  at 
high  temperatures  are  very  high,  suggesting  that  the  effects  are 
due  to  some  kind  of  cooperative  action  of  a  large  number  of  in- 
teractino;  chemical  systems.    The  sharp  breaks  so  often  observed 
in  the  variation  of  various  functions  with  tem])erature  niijtrht 
well  be  due  in  etTect  to  changes  in  ])hase  of  a  part  of  the  bi- 
ological system,  eithei'  a  melting  of  the  various  lipoid  constitu- 
ents or  an  "internal  melting"  (Langmuir,  of  essential 
protein  giant-molecules  ])roducing  a  change  in  their  activity  ami 
perhaps  favoring  denaturation.    It  is  probably  just  this  kind  of 
action  which  is  responsible  for  death  due  to  exposure  to  bigb 
temperatures. 

The  present  authors  (Anderson  and  Duggar,  1938)  have  re- 
cently made  a  study  of  the  growth  and  survival  of  yeast  which 
had  been  exposed  to  lethal  temperatures.  It  was  found  that  cells 
receiving  moderately  severe  treatment  died  more  rapidly  than 
controls  in  the  absence  of  nutrient  while  those  receiving  severe 
treatment  appeared  to  multiply.  Treated  cells  also  had  a  longer 
lag  phase  before  logarithmic  growth  in  nutrient  than  the  con- 
trols. The  criterion  of  death  in  these  experiments  was  the  loss 
of  the  ability  of  the  cells  to  divide  on  nutrient  agar  to  form 
visible  colonies. 

C.  The  Action  of  Radiant  Energy. — General  effects  of  ultra- 
violet irradiation  on  yeast  have  l^een  discussed  by  Schreiher 
(lOS.'j,  1934).  The  action  of  radiant  energy  will,  of  course,  be 
si)ecific  if  the  ])ai'ticulai'  wave  length  is  absoi  hed  more  sti'ongly 
by  one  constituent  than  by  any  others.  Some  exani]iles  of  the 
specific  action  of  visible  light  on  certain  strongly  absorbing  sub- 
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stances  (pigments)  in  living  niattor  are:  photosynthesis  in  whieli 
the  absor])ing  substance  is  chlorophyll,  vision  in  which  the  ab- 
sorption is  effected  by  visual  purple,  and  the  fruiting  of  certain 
myxomycetes  induced  in  some  manner  by  the  absorption  of  light 
by  certain  pigments.    So-called  colorless  organisms  contain 
miimte  amounts  of  pigments  (cytochromes,  flavins,  etc.)  active 
in  the  respiratory  systems,  but  as  yet  effects  due  to  the  absorp- 
tion of  these  pi^^-nients  have  not  been  identified  in  the  normal 
livin*2:  tissue,  althou.^ii  under  certain  a])n()nnal  conditions  as 
result  from  the  presence  of  carbon  monoxide  such  elfects  are 
produced  ( Warburi;-,  1928). 

It  seems  to  be  a  characteristic  of  the  action  of  lij^ht  on 
many  living  systems  that  the  effectiveness  of  the  different  wave 
lengths  of  the  same  intensity  is  proportional  to  the  number  of 
quanta  absorbed  by  the  system.    This  parallelism  between  the 
effectiveness  of  the  radiation  and  the  absorption  spectrum  has 
been  noted  in  the  conversion  of  visual  purple  to  visual  yellow 
(Schneider,  Goodeve,  and  Lythgoe,  1939),  the  fruiting  of  myxo- 
mycetes (Gray,  personal  communication),  and  in  the  denatura- 
tion  of  proteins  by  ultraviolet  light  {(\g.,  Kubowitz  and  Haas, 
1933).    Such  a  parallelism  implies  that  the  (piantum  efficiency 
of  each  of  the  processes  is  a  constant  over  a  wide  range  of  wave 
lengths.    Jordan  (19.*]S)  has  ex])lain('(i  this  on  the  theoictical 
basis  (Moglich  and  Sclion,  l!).'xS)  that  electrons  are  Tree  to  move 
about  in  certain  energy  bands  in  these  al)sorbing  giant  mole- 
cules just  as  they  are  in  solids.    The  radiant  enci  gy  is  supposed 
to  cause  an  electron  initially  in  the  ground  state  to  jump  to  a 
higher  energy  band  and  then  innnediately  fall  to  the  lower  edge 
of  the  upper  band,  transforming  the  energy  derived  from  this 
process  either  into  light  (fluorescence)  or  into  vibration  (heat). 
The  final  activated  state  which  initiates  the  reaction  in  (juestion 
is  thus  independent  of  the  energy  of  the  quantum  absorbed  and 
so  the  quantum  efficiency  of  the  reaction  is  constant  over  a  range 
of  wave  lengths. 

Wave  lengths  between  A  and  2800  A  are  known  to  affect 
the  formation  of  vitamin  D  from  ergosterol  and  Xo  this  extent 
maybe  licncticial  to  ccrtjiin  hi.iiiier  oi-ganisnis.  As  yet,  however, 
it  has  apparently  not  lieen  shown  that  etfects  of  these  wave 
lengths  on  microorganisms  are  due  to  the  formation  of  vitamin  D 
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or  that  the  effects  of  shorter  wave  lengths  are  due  to  its  de- 
struction (Teindl-Czech,  1937). 

While  most  of  the  organic  cellular  constituents  {i)roteins, 
fatty  acids,  sterols,  etc.)  have  some  absorption  tlirouijhout  the 
ultraviolet,  the  principal  absorbing-  substances  in  the  re«:ion 
).280()-230()  are  apj)arently  the  nucleic  acids  which  have  a  niaxi- 
niuni  absorption  at  A2650  (ras])ei-ssoii,  193G).  This  fact  is  at- 
tested bv  a  nunil)er  of  observations.  The  relative  sensitivitv 
of  cells  to  constant  intensities  ot"  nionochroniatic  ultraviolet  radi- 
ation is  a  niaxiniuni  at  X2650  both  with  re.s»aril  to  lethal  action 
(Gates,  193U;  Hollaender  and  Duj^gar,  1936)  and  with  regard  to 
the  production  of  mutants  in  Sphaerocarpus  donucUii  (Knapp, 
Reuss,  Risse,  and  Schreiber,  1939),  both  of  which  functions  are 
seated  in  the  nucleus  where  normally  the  nucleoproteins  are,  of 
course,  concentrated.  The  fact  that  this  wave  length  region  is 
specific  for  the  nucleoproteins  opens  a  promising  field  of  study, 
for  it  should  be  possible  to  investigate  the  function  of  the  nucleo- 
proteins by  a  study  of  the  effects  these  wave  lengths  have  upon 
microorganisms. 

Hollaender  and  Dug  gar  (1938)  have  studied  the  effects  of 
X2650  on  Escherichia  coli  and  Serratia  marcescens  particularly 
with  respect  to  the  subsequent  growth  of  the  organisms  in 
nutrient.  They  have  also  studied  (not  yet  pu])lishe(l)  the  effects 
of  this  wave  length  on  the  growth  and  survival  of  Savcharom ficcs 
ccrcvisiac  following  treatment,  and  this  study  has  been  con- 
tinued by  the  present  authoi's  (Anderson  and  Duggar,  1938) 
and  extended  to  include  the  effects  of  heat.  It  is  found  that  the 
survivors  divide  more  slowly  than  controls  in  the  presence  of 
nutrient  and  in  certain  cases  they  die  more  rapidly  than  controls 
in  the  absence  of  nutrient.  Also,  it  has  been  established  that 
as  a  temporary  effect,  those  cells  w^hich  survive  large  aniomits 
of  radiation  seem  to  multiply  for  a  short  time  even  in  the  ab- 
sence of  nutrient.  •  In  nutrient  a  much  larger  fraction  of  the 
surviving  cells  appear  to  divide  in  the  first  few  hours  of  in- 
cubation than  do  the  controls.  This  preliminary  increase  is 
followed  by  a  prolongation  of  the  lag  phase  of  growth  over  that 
of  the  controls. 

For  wave  lengths  shorter  than  2300  A  the  absori)tion  of  the 
proteins  as  well  as  of  other  substances  increases  greatly,  so  that 
the  effects  produced  by  these  wave  lengths  are  probably  nou- 
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specific.  Since  the  al)sc>rption  of  tlie  protoplasm  is  high,  how- 
ever, there  is  some  chance  that  the  surface  structures  of  large 
cells  absorb  most  of  the  energ>^  and  are  greatly  affected,  at  the 
same  time  shielding  the  material  at  the  center  of  the  cell  from 
the  action  of  the  light.  These  short  wave  lengths  might  thus  be 
used  to  alter  the  surface  properties  of  the  cell.  Apparently  no 
specific  attempts  to  make  such  a  study  have  been  made  thus  far. 

Ionizing  radiations  such  as  X-rays,  ^-rays,  etc.  also  attack 
uniformly  all  the  molecules  in  living  matter  because  in  the  case 
of  X-rays  the  primary  interaction  is  with  the  inner  (non-bind- 
ing) electrons  of  the  atoms,  and  second,  the  energies  involved 
are  great  enough  to  break  any  chemical  bond.  It  is  precisely 
because  of  this  uniform  action  on  cellular  material  that  the  ef- 
fects of  ionizing  radiations  are  expected  to  be  roughly  propor- 
tional to  the  volume  of  the  element  in  the  cell  which  must  be 
hit  to  produce  death  or  to  iidiihit  a  function  of  a  cell  (Lacas- 
sagne,  1934).  At  least  one  precaution  must  be  observed  in  in- 
terpreting results  of  exj)eriments  along  these  lines,  however; 
highly  active  molecules  and  fragments  are  produced  by  the  ac- 
tion of  ionizing  radiations  which  in  a  secondary  process  might 
destroy  certain  constituents  of  the  cell  (Failla,  1937).  Effects 
produced  by  such  a  process  would  not  necessarily  be  propor- 
tional to  the  volume  of  the  ** sensitive  spot,"  but  might  well  de- 
pend on  entirely  different  factors,  such  as  the  composition  of  the 
medium  surrounding  the  cell  as  related  to  the  composition  of 
the  ** sensitive  spot."  The  observations  of  Duryee  (1939)  might 
be  noted  in  this  connection.  He  reported  that  X-irradiation  of 
frog  egg  chromosomes  removed  from  the  surrounding  cytoplasm 
produced  no  effect  while  the  irradiation  of  the  chromosomes  in 
cytoplasm  resulted  in  injury  to  the  chromosomes. 

That  some  kind  of  recoverv  follows  irradiation  with  X-ravs 
is  shown  by  the  work  of  Henshaw  (1938)  who  noted  that  the 
delay  in  the  first  cleavage  after  inunediate  insemination  of  ir- 
radiated Arbacia  eggs  does  not  occur.  However,  the  injury 
persists  in  later  cleavages  (Ilenshaw,  1939). 

/).  The  Action  of  Two  Ldlml  Agents  on  a  Population  of 
Cells. — When  a  population  of  cells  is  treated  with  two  lethal 
agents  the  shape  of  the  survival-time  curves  will  depend  on  the 
same  considerations  mentioned  in  II  A.  In  addition,  however, 
the  results  will  depend  on  the  relations  between  first,  the  kinetics 
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of  action  of  the  two  audits  and  second,  the  separate  sensiti^aty 
distributions  of  the  cells  to  the  two  agents.  These  relations 
may  be  of  certain  tj-pes — and  given  certain  types  of  relation- 
ships it  is  possible  to  predict  the  kind  of  result  to  be  obtained. 

Let  us  consider  as  an  example  the  effects  of  combining  heaX 
and  radiation  treatments  on  a  certain  physiological  property  of 
a  suspension  of  cells.  Let  us  imagine  that  one  sample  H  from 
this  suspension  is  treated  with  heat  and  another  sample  R  with 
radiation.  Then  let  us  take  part  HR  of  the  heat  treated  sample 
and  give  it  a  treatment  with  the  same  amount  of  radiation  as  the 
E  sample  received  and  then  j^ive  part  RII  of  tlie  /?  saini)le  the 
heat  ti'catineiit  which  //  received.  We  will  then  have  five  sam- 
ples for  study;  the  control  C ;  the  two  samples  //  and  A*,  -iver* 
heat  and  radiation  treatments,  respectively;  and  the  two  sauijil'S 
IlK  and  KII,  i!:iven  combinations  of  identical  heat  and  radiatiuu 
treatments,  but  combined  in  reverse  order.  We  shall  be  in- 
terested in  measuring  the  extent  to  which  a  physiological  ac- 
tivity of  the  suspension,  the  rate  of  respiration,  say,  is  dimin- 
ished by  each  of  the  treatments.  Let  the  fraction  by  which  the 
activity  of  the  function  is  reduced  be  h,  r,  hr,  and  rh  for  each  of 
the  suspensions  H,  R,  HR,  and  RH,  respectively  (the  fraction 
for  the  control  C,  being  of  course  1).  The  relations  between  the 
various  fractional  reductions  in  activity  on  various  hypotheses 
may  then  be  set  forth  in  outline  form. 

1.  Heat  and  radiation  act  on  different  and  independent  func- 

tional units  *  in  the  cells ;  rh  =  hr. 

a.  If  cells  are  identical,  or  if  there  is  no  correlation  between 

sensitivities  of  the  cells  to  heat  and  radiation;  rh  = 
Jir  =  r  X  ft  (where  r  X  /'  signifies  ordinary  multiplica- 
tion of  the  numbers  r  and  h). 

b.  If  cells  which  are  more  sensitive  to  heat  are  also  more 

sensitive  to  radiation,  rh  =  hr>r  X  h. 

c.  If  cells  which  are  more  sensitive  to  heat  are  less  sensitive 

to  radiation,  rh  =  hr<r  X  h. 

2.  If  heat  and  radiation  act  on  different  but  I'elated  functional 

units  Avhich  are  involved  in  the  function  under  study  we 

1  For  want  of  a  better  term  we  use  tlio  expression  "functional  unit"  for  that 
molecule  or  (•onii)1ex  of  inoU'cules  in  the  cell  wliicli  ia  directly  responaible  for  the 
physiological  or  biological  process  under  study. 
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should  expect  the  cIoscik'ss  of  this  relation  to  be  reflected 
in  the  time  required  for  the  effect  of  one  treatment  on  the 
other  to  become  apparent.  Thus,  the  functions  express- 
ing the  relations  between  r,  h,  rh,  and  hr  would  involve 
the  time  after  the  treatment  t;  thus  rh  =  fi  (r,  h,  t),  and 
hr  =  ft  {r,h,t)  where  fi  and  /a  are,  in  general,  different. 
The  closeness  of  the  relation  between  the  functional  units 
affected  by  the  two  agents  would  probably  be  reflected  in 
the  extent  to  which  /,  and  f..  depend  on  the  time  t. 

a,  A  special  case  would  be  that  in  which  one  of  the  lethal 

agents,  radiation,  say,  produced  substances  in  the  cell 
which  made  the  contents  then  more  susceptible  to  heat 
treatment;  thus  rh<hr, 

b.  Another  would  be  that  in  which  one  of  the  agents  radia- 

tion, say,  produced  a  substance  in  the  cell  which  made 
it  then  less  susceptible  to  the  action  of  the  other;  thus 
rh>hr, 

3.  Radiation  and  heat  act  on  the  same  functional  units. 

a.  The  nicchanisnis  of  action  of  the  two  treatments  are  in 
effect  the  same ;  thus  rh  =  hr. 

(1)  The  cells  are  identical. 

(a)  If  one  molecule  only  needs  to  be  inactivated 
to  inactivate  the  function  under  study  (a 
mononiolecular  reaction),  rh  =  hr  =  r  X 
h  =  where  U  and  h  are  times  of 

radiation  and  heat  treatment  respectively 
and  a  and  b  are  constants. 

{b)  If  more  than  one  molecule  must  be  inacti- 
vated to  inactivate  the  function  the  value 
of  rh  =  hr  may  be  calculated  from  the 
relations  discussed  by  Mine.  P.  Curie 
(1929).    In  general  rh  =  hr<r  X  h. 

(2)  If  the  cells  are  not  identical  the  relation  between 

rh  and  r  Xh  will  depend  on  the  nature  and  extent 
of  variation  between  the  cells.  The  inequalities 
in  l.b.  or  I.e.  will  then  be  superimposed  on  the 

equations  in  3.a  (1). 
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b.  If  radiation  and  lioat  act  on  the  same  functional  units  in 
ditferent  ways. 

(1)  If  each  agent  inactivates  directly  the  mechanism 

responsible  for  the  function,  rh  =  hr. 

(2)  If  one  agent,  radiation,  say,  reacts  with,  but  does 

not  inactivate  the  mechanism  in  such  a  way 
that  either 

(a)  the  mechanism  is  then  made  more  suscep- 

tible  to  the  other  agent,  thus  rh<hr  =h; 
or 

(b)  the  mechanism  is  then  made  less  susceptible 

to  the  other  agent,  thus  h  =  hr<rh, 

(3)  If  each  agent  makes  the  function  more  susceptible 

to  the  other  agent,  but  in  different  degrees,  radi- 
ation more  than  heat,  say,  rh<hr<h  X  r. 

If  it  were  possible  to  fonnnhite  a  general  theory  according 
to  the  methods  outlined  in  2.,  1.  and  3.  would  be  special  cases  iu 
which,  among  other  things,  t  =  x  and  ^  =  o,  respectively.  It 
is,  of  course,  possible  to  fornmlate  many  more  complicated 
mechanisms  than  those  above,  but  these  seem  to  be  the  simplest 
and  we  will  arbitrarily  limit  the  discussion  to  them  for  the  time 
being. 

Bovie  and  Daland  (1923)  have  observed  that  Paramecium  is 
sensitized  to  heat  by  irradiation  with  fluorite  rays  (X<2000  A). 
Their  results,  together  with  those  obtained  in  the  present  work, 

will  be  discussed  later  from  the  above  point  of  view. 

FJ.  Scope  and  Purpose  of  the  Present  Work. — As  has  already 
been  pointed  out,  the  etfocts  of  irradiation  and  heat  on  the  sur- 
vival and  growth  of  yeast  have  l)een  studied.  However,  it  was 
felt  that  the  determination  of  such  etTects  by  the  normal  platinir 
out  technique  allows  consideral)k'  time  for  the  physiological 
functions  which  are  upset  by  the  lethal  agent  to  interact  with 
and  destroy  the  dynamic  equilibrium  existing  between  the  vari- 
ous functions.  Colony  formation  could  thus  appear  as  a  net 
effect  and  the  interpretation  of  results  in  terms  of  specific  physi- 
ological functions  would  be  difficult.  For  this  and  other  reasons 
it  was  thought  that  a  deeper  insight  into  the  mode  of  action  of 
heal  and  radiation  might  be  gained  by  observing  the  effects  of 
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treatinout  on  certain  physiological  activities  of  the  cell  which 
r-oiild  be  conveniently  observed  with  precision  during?  or  inime- 
diately  following  treatment.  In  this  way,  too,  knowledge  as  to 
tlie  relationships  existing  between  the  various  physiological 
functions  of  the  cell  might  be  obtained. 

In  this  paper  are  presented  the  results  of  such  an  investiga- 
tion.  Methods  are  developed  to  determine  the  effects  of  treat- 
ment on  the  following  properties  of  yeast :  (a)  the  resistance  of 
the  cell  to  staining  with  methylene  blue,  (^>)  the  rate  of  respira- 
tion of  cells  in  a  nutrient  solution,  and  {c)  the  rate  of  growth 
in  the  number  of  cells  as  determined  by  increases  in  the  rate  of 
respiration  and  coll  counts.    In  this  manner  the  lelative  sensi- 
tivities of  eacli  of  tliese  fmictions  to  heat  and  various  wave 
loii^ths  of  ultraviolet  light  have  been  estal)lished  and  indications 
have  been  obtained  as  to  how  they  vary  with  time  after  ex})osure. 
It  also  appeared  highly  desirable  to  determine  which  of  the 
functions  are  affected  directly  by  both  treatments  as  well  as  to 
determine  the  possible  relations  existing  between  functions  ap- 
parently atTected  by  one  treatment  but  not  by  the  other.  A 
study  of  the  effects  of  combined  treatments  witli  lieat  and  X2650 
was  therefore  made.    This  mode  of  attack  also  has  led  to  a  for- 
mulation of  the  nature  of  the  chemical  reactions  leading  to  death 
which  are  brought  about  by  heat  and  different  wave  lengths  of 
ultraviolet  light. 

III.  Experimental.  Methods 

A,  Yeast  Culture. — ^In  certain  preliminary  experiments  ordi- 
nary commercial  Fleischmann's  yeast  cake  was  used.  In  all 
cases  in  which  plates  were  poured  and  in  all  final  experiments 
the  expeiimental  oi'ganism  was  obtained  from  a  single  cell  iso- 
lation of  a  ]3urgundy  wine  strain  of  Saccaronn/crs  ccrrrisidr. 
For  use  the  yeast  was  cultured  for  42  hours  on  slants  of  ])otat() 
dextrose  agar  made  up  of  the  following  constituents:  broth  fi"om 
200  gni.  of  potatoes  boiled  for  60  min.  in  500  cc.  of  watei',  15  gm. 
of  agai-  dissolved  in  400  cc.  of  water  and  0.2  gm.  MgSO,,  0.2  gm. 
CaC()„  and  20  gm.  of  dextrose  dissolved  in  100  cc.  of  water. 

B.  Preparation  of  Su^spe'n sinus. — Two  solutions  foi-  tlie  sus- 
pension of  the  yeast  were  used  in  this  work.  A  "physiological" 
salt  solution  had  the  following  composition :  0.3  per  cent  sodium 
chloride,  0.02  per  cent  potassium  chloride,  and  0.02  per  cent 
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calcium  chloride.  The  '^nutrient"  solution  contained  0.5  gm. 
KHoPO^,  0.2  «;m.  MgSO,,  105  gm.  dextrose,  1.0  gm.  asparagin, 
3.0  gm.  NaCl,  20.2  gm.  KCl  and  0.2  gm.  CaC\,  in  2  liters  of  dis- 
tilled water.  This  nutrient  solution  had  the  advantage  of  beiui; 
transparent  to  the  ultraviolet  to  2300  A  as  well  as  providing  suflS- 
cient  electrolyte  for  the  proper  behavior  of  the  dropping  mer- 
cury electrode  which  was  used  for  the  determination  of  aKygen 
in  the  cell  suspension. 

Ordinarih,  yeast  was  washed  from  the  slants  with  the  solu- 
tion in  which  it  was  to  be  treated.    The  suspension  so  obtained 
was  tlu'u  washed  twice  by  centrifuging  and  resuspending  in  fresh 
solution.    In  ceitain  cases  in  which  the  late  of  res})irat ioii  of 
a  suspension  was  to  be  measured  it  was  desiral)le  to  have  yeast 
wliich  would  remain  in  susi)ensi()n  for  rather  long  periods  of 
time.    In  these  cases  the  yeast  was  usually  centrifuged  a.icain 
for  110  sec.  and  the  supernatant  suspension  of  cells  was  used  for 
study.    This  suspension  was  then  liltered  through  filter  pajx-r 
to  break  up  clumps  of  cells,  and  what  was  more  important,  to 
add  certain  substances  from  the  paper  which  somehow  insure 
the  pro]K'i-  behavior  of  the  drop])ing  mercury  electrode  used  to 
determine  the  rate  of  respiration  (Petering  and  Daniels,  1938). 

C.  II eat  Treatment. — ^For  the  exposure  of  the  suspensions 
to  heat,  a  few  cc.  of  the  yeast  suspension  were  placed  in  a 
standard  centrifuge  tube  of  15  cc.  capacity,  stoppered  to  prevent 
evaporation.  The  tube  was  placed  in  a  water  thermostat,  the 
temperature  of  which  was  maintained  at  50  +  0.02'  C.  as  deter- 
mined by  a  thermometer  calibrated  by  the  National  Bureau  of 
Standards.  This  temperature  had  been  found  sufficiently  ef- 
fective to  inactivate  the  physiological  functions  of  the  yeast 
i-a|)i(lly  and  yet  slow  enough  in  its  action  to  permit  the  accurate 
(k'tcrmination  of  the  time  of  treatment.  I\a])i(l  stirring  of  the 
thermostat  and  the  small  volume  of  the  sus])ension  compared 
with  the  surface  exposed  to  the  water  tended  to  make  the  sus- 
pension come  to  constant  tempei-ature  rapidly.  Likewise,  when 
the  tubes  were  removed  from  the  thermostat  they  came  to  room 
temperature  (luickly.  The  time  of  exposure  of  the  tubes  to  the 
thermostat  water  was  found  to  he  a  sufficiently  accurate  measure 
of  the  severity  of  the  treatment. 

D.  Radiation  Treatment. — In  this  work  the  ultraviolet  light 
was  obtained  from  a  Type  H-3  General  Electric  mercury  vapor 
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lamp.  The  outer  glass  bulb  surrounding  the  quartz  tube  inside 
of  which  the  high  pressure  discharge  takes  place  was  replaced 
by  a  metal  shield  with  a  small  vertical  slit  to  permit  the  exit 
of  the  shorter  wave  lengths.  This  light  was  focused  on  the  slit 
of  a  quartz  monochromator  which  served  to  isolate  a  given  w^ave 
length  when  so  desired.  In  other  more  (jualitative  experiments 
liquid  filters  were  used  as  described  later. 

In  certain  cases  the  yeast  suspension  was  ii  radiated  in  a 
small  quartz  optical  cell  placed  in  the  beam  of  light  from  the 
monochromator  which  was  large  enough  to  illuminate  the  surface 
of  the  cell  uniformly.  Dilute  suspensions  were  used  so  that  only 
a  small  percentage  of  the  light  was  absorbed  by  the  suspension 
and  each  yeast  cell  w^as  therefore  exposed  to  approximately  the 
same  amount  of  illumination.  In  other  cases  it  was  possible  to 
irradiate  the  yeast  in  the  quartz  cell  of  the  dropping  mercury 
electrode  while  the  i-ate  of  respiration  of  the  suspension  was 
being  measured.  This  <|uartz  cell  was  also  small  enough  to  fit 
into  the  beam  of  the  monochromator. 

E.  Measurement  of  the  Rate  of  Respiration. — A  number  of 
classical  methods  for  the  determination  of  oxygen  are  available, 
but  that  which  is  most  convenient  and  which,  when  properly 
used,  gives  most  accurate  results  is  the  dropping  mercury  elec- 
trode, recently  developed  for  this  purpose  in  this  laboratory  by 
Petering  and  Daniels  (19.38).  A  number  of  extremely  simple 
electrical  setups  are  given  in  detail  in  their  paper;  the  setup 
used  in  this  work  is  essentially  that  in  which  a  potentiometer  is 
used  as  a  source  of  e.m.f.  A  cylindrical  quartz  cell  about  2  cm. 
in  diameter  and  1  cm,  thick  was  used  for  the  oxygen  determina- 
tions in  the  present  paper.  With  the  dropping  mercury  elec- 
trode it  happens  that  the  difference  betw-een  the  currents  (meas- 
ured by  the  galvanometer  deflections)  which  flow  through  the 
cell  with  0.1  V.  and  1.0  V.  applied  e.m.f.  is  very  nearly  proy^or- 
tional  to  the  oxvgen  concentration  of  the  solution.  The  rate  of 
change  in  the  oxygen  concentration  is  then  a  measure  of  the 
rate  of  respiration  of  the  cells  in  the  suspension. 

F.  Staining  by  Methylene  Blue. — The  procedure  adopted  by 
Fulmer  and  Buchanan  (1923)  in  their  study  of  effects  of  toxic 
agents  was  followed  in  this  work.  For  this  purpose  1  cc.  of  the 
suspension  of  cells  to  be  tested  was  added  to  1  cc.  of  0.01  per 
cent  of  methylene  blue  and  the  percentage  of  stained  cells  deter- 
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mined  by  niicrosco})ic  observation  of  the  cells  in  a  Levy  count-  | 
inij;  chaniljer.    The  counts  were  made  after  two  hours  of  ex 
posure  of  tlie  cells  to  the  solution,  and  usually  again  after  an 
exposure  of  a  day  or  more. 

G.  Determination  of  Concentration  of  Colony- forming  Oelh, 
— The  concentration  of  colony-forming  cells  in  a  suspension  wa> 
determined  by  the  customary  dilution  and  plating  out  techniqnt' 
using  the  agar  already  described  for  pouring  plates.  WTien 
this  was  done  care  was  taken,  of  course,  to  maintain  sterile 
conditions  to  prevent  contamination  of  the  plates. 

rV.  Experimental  Results 

A.  The  Bcgions  which  arc  Effective  in  the  Ultraviolet, — 
number  of  orienting  experiments  were  made  with  the  yeast  sus- 
pended in  physiological  salt  solution.  When  this  suspension 
in  a  fused  quartz  test  tube  was  exposed  to  the  full  arc  at  a  dis- 
tance of  15  cm.  few  cells  took  the  methylene  blue  stain  after 
1  min.  exposure  (enough  to  prevent  99  per  cent  of  the  cells  froni 
forming  colonies)  and  the  rate  of  respiration  was  considerably 
reduced.  However,  aftei-  5  min.  exposure  99  per  cent  took  the 
stain.  To  see  whethei*  snbstances  formed  in  the  solution,  sueh 
as  ozone,  might  be  l  esponsible  for  the  results,  physiological  snlt 
solution  was  irradiated  with  the  full  arc  for  30  min.  an»l  yeast 
cells  then  added  to  it.  They  did  not  take  the  stain.  A  sus])c*n- 
sion  of  cells  was  then  placed  in  a  test  tube  partially  covered 
with  black  paper  so  as  to  shield  the  suspension  from  the  light 
but  leave  the  air  above  the  suspension  exposed.  After  25  min. 
irradiation  at  15  cm.  distance  the  contents  of  the  tube  were 
shaken  and  the  staining  test  made.  Again  no  cells  took  the 
stain.  Evidently  in  this  case  the  action  of  the  arc  is  not  due  to 
the  production  of  stable  toxic  substances  in  the  physiological 
salt  solution  nor  to  ozone  in  the  air  above  it  (Bovie  and  Daland, 
1923).  A  suspension  of  control  cells  was  added  to  a  suspension 
which  had  been  irradiated  for  25  min.  with  the  full  are.  The 
control  cells  did  not  take  the  stain.  Tt  seems  most  reasonabK- 
to  assume  as  a  result  of  these  e>:i)eriments  that  the  light  affects 
the  contents  of  the  cells  directly  and  that  the  products  formed 
in  exposed  cells  do  not  affect  noi mal  cells,  at  least  to  the  extent 
of  making  them  stain  with  methylene  blue. 
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A.  Ruspension  of  cells  in  physiological  salt  solution  was  ir- 
radiated with  the  full  arc  filtered  throujj:h  ethyl  alcohol  to  absorb 
wave  lengths  shorter  than  2200  A.  The  cells  did  not  take  the 
stain  even  after  a  30  minute  exposure,  nor  was  the  rate  of  res- 
piration reduced  appreciably.  This  exposure  was  sufficient  to 
prevent  99  per  cent  or  more  of  the  cells  from  forming  colonies  on 
agar.    Evidently  the  region  which  is  most  effective  in  producing 
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Fig.  1.  The  cflFoct  of  irradiatiou  of  yeast  with  X26o0  on  its  oxygen  consuiuptiou 
(Curve  E)  as  compared  with  that  of  the  control  (Curve  C). 

clianncs  resulliii*;"  in  staiiiiiijL;'  and  also  in  rcducini^  respiration 
is  absorbed  bv  alcohol,  i.e.  is  shorter  than  '2200  A.  The  activity 
is  pi-o])abIy  due  i)rincij)ally  to  tlic  intense  |)air  of  mercury  lines 
at  1942  A  and  lS4n  A.  Latei-  it  will  l)e  shown  that  pro]f)n<?ed 
ex}>osnre  to  A2()r)0  does  atTeet  stainini;-  and  resi)iration  to  an  ex- 
tent which  is  slight,  but  negligible  compared  with  the  inactiva- 
tion  of  the  colony-forming  ability  of  the  cells. 

B,  Effects  of  BofViation  on  the  Rate  of  Respiration. — In  this 
section  are  given  first  the  results  of  experiments  in  which  the 
yeast  suspended  in  nutrient  was  irradiated  in  the  quartz  cell  of 
the  dropping  mercury  electrode.    The  advantage  of  this  pro- 
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cedure  is  that  the  rate  of  respiration  of  the  same  cell  snspcnsion 
may  be  studied  before,  diirin<>-,  and  after  the  irradiation.  Thus 
the  rapidity  with  whicli  the  effects  of  radiation  are  produced 
can  l)e  easily  determined.  The  ])rincipal  disadvantaij:e  of  the 
method  is  that  the  time  during  which  the  effects  of  radiation  can 
be  studied  is  limited  by  the  eventual  de])letion  of  the  oxygen 
supply  and  the  gradual  settling  of  the  cells  in  the  suspension. 
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Fio.  L'.  Till-  ofToct  of  irrnflintion  of  yonst  witli  X22r)0  on  its  oxygen  consumption 
(Curve  E)  as  compared  with  that  of  the  control  (Curve  C). 

A  number  of  ex])erimi'nts  were  ])erformed  in  which  the  rate 
of  ix'spiration  of  an  exposed  sus])ensiou  was  com]iared  with  tliat 
of  a  control  sus])ension  in  a  second  dro])])in,i»'  mercury  electrode 
cell.  In  Fiii'.  1  tlie  results  of  such  an  experiment  are  g:iven. 
Hero  the  oxygen  concentrations  are  plotted  in  arbitrary  units 
(galvanometer  deflections)  as  ordinates  against  the  times  as 
abscissae.  The  rate  of  respiration  (proportional  to  the  slope 
of  the  curve)  of  the  suspension  exposed  to  X2650  (Curve  E)  for 
60  minutes  decreases  slowly  after  the  exposure.  That  of  the 
control  (Curve  C)  is  seen  to  increase  steadily  after  50  minutes 
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until  after  150  minutes  the  oxygen  supply  is  exhausted  and  the 
deflection  of  the  galvanometer  becomes  constant.  The  same 
result  was  obtained  with  a  21  minute  exposure  to  X2650.  A  56 
minute  exposure  to  a  low  intensity  of  X2250  (Fig.  2)  also  pre- 
vents the  normal  increase  in  respiration.  The  results  of  an  ex- 
jjeriment  in  which  yeast  in  nutrient  solution  was  irradiated  first 
with  X2650  and  then  with  the  full  arc  are  given  in  Fig.  3.   It  is 
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Via.  3,  The  vfTvc\  of  irradiation  of  yeast  wi^  X2650  and  the  full  mercurj  arc 
(U.V.)  on  its  consumption  of  oxygen. 

to  be  seen  from  tlie  fij>ure  that  the  rate  of  consumption  of  oxygen 
remains  practically  the  same  durins;  the  35  minutes  of  irradia- 
tion with  X2650  as  before,  but  falls  off  appreciably  after  the 
irradiation  is  stopped.  The  same  is  true  during  the  period  of 
irradiation  with  the  full  arc,  but  after  this  irradiation  the  rate 
of  consumption  of  oxygen  becomes  negligible ;  after  1000  minutes 
an  appreciable  amount  of  oxygen  was  still  found  in  the  cell. 


678  THOMAS  F.  ANDERSON  AND  B.  M-  DUGGAB 


This  result,  which  was  also  obtained  in  a  uuiiiber  of  addi 
tional  experiments,  was  surprising,  becanse  if  radiation  inMbiU 
the  respiratory  mechanism  in  yeast  one  would  expect  the  rttf 
of  consumption  of  oxygen  to  fall  off  during  the  period  of  ir- 
radiation. It  appeared  that  this  extra  consumption  during  ir- 
radiation might  have  been  due  to  an  oxidation  reaction  analc^ioa* 
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Fio.  4.    The  (>fT(  (  t  of  irradiation  of  yeast  with  a  high  intensity  of  the  full  tf( 

ou  the  coiiHuniptiou  of  oxygen. 

to  tliat  wliich  is  known  to  follow  the  photo-reaction  in  the  de- 
natni  ation  of  proteins  by  ultraviolet  light  (Mitchell  and  Ridcal 
1938).  According  to  this  picture  the  rate  of  oxygen  consump- 
tion during  irradiation  w^ould  be  determined  by  two  factors,  the 
rate  of  normal  respiration  (decreasing 'during  the  exposure) 
and  the  rate  of  the  oxidation  reaction  following  the  photo-rea^ 
tion  (increasing  during  exposure  and  continuing  after  the  ex- 
posure).  That  the  rate  of  oxygen  consumption  should  remain 
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oonstaut  during  exposure,  as  it  does  in  the  experiment  of  Fig.  2 
£L]id  in  other  experiments,  would  appear  to  be  purely  accidental. 

To  test  this  possibility  further  a  number  of  additional  ex- 
pjeriments  were  carried  out.  In  one  experiment  illustrated  in 
Fig,  4,  the  yeast  was  irradiated  with  a  very  high  intensity  of 
radiation  from  the  full  arc.   It  is  seen  that  the  rate  of  oxygen 
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Fig.  5.    Curve  A.   The  oxygen  consumption  of  a  yeast  which  had  been  irradiated 

with  tlif  full  arc  at  room  temperature.  Curve  B.  The  rate  of  oxygen  consumption 
times  the  oxygen  concentration  is  inversely  proportional  to  the  time. 

uptake  ill  this  expeiiineiit  was  qrcafer  during  the  period  of  ir- 
radiation than  before.  Tliis  can  be  interpreted  as  indicatin|L? 
that  the  oxidation  reaction  has  been  speeded  up  by  the  liii;h 
intensity  of  light  until  it  ercccfls  the  normal  rate  of  respiration. 
Apparently  this  photo-reaclion  continued  for  some  minutes  after 
the  irradiation  was  terminated,  becoming  practically  zero  after  a 
period  of  ten  minutes. 

It  appeared  feasible  to  follow  the  course  of  this  oxidation 
reaction  itself  by  irradiating  the  yeast  suspension  with  very 
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high  intensity  for  a  rehitivoly  short  time  and  then  following 
the  oxygen  uptake  as  a  function  of  the  time.  A  few  preliminary 
experiments  of  this  nature  were  therefore  carried  out. 

Yeast  from  Fleischmann's  yeast  cake  was  suspended  in  phy«- 
ological  salt  solution  and  a  portion  was  irradiated  in  a  quartz 
test  tube  for  18  minutes  with  the  very  intense  ultraviolet  radi- 
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Fio.  6.  The  results  of  an  experiment  patterned  after  that  of  Fig.  5,  but  in  triiiek 
the  yeast  was  kept  at  4*  C. 


ation  from  a  capillary  mercury  arc  of  the  type  describeil  by 
Daniels  and  Heidt  (1932).  One  cc.  of  the  remaining  control 
suspension  was  added  to  10  cc.  of  nutrient  solution  and  the  rate 
of  respiration  found  to  be  0.95  in  arbitrary  units.  The  irradi- 
ated suspension  was  diluted  in  the  same  manner  and  the  rate 
of  oxy<»-en  consumption  similarly  measured  with  the  results 
shown  ill  Fiii".  5  ((^iivc  A).  Tlie  rate  of  respiration  R  of  the 
exposed  culture  fell  oft'  steadily  with  time  from  0.13  to  0.015.  It 
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was  found  empirically  that  the  reciprocal  of  the  product  of  the 
rate  of  respiration  and  the  relative  oxygen  concentration  1/R*02 
is  proportional  to  the  time  (Curve  B,  Fig.  5).  The  curve 
extrapolates  back  to  the  value  of  1/R  for  the  control  at  the  start 
of  the  irradiation. 

It  was  thought  that  temperature  might  affect  the  rate  of  the 
oxidation  reaction,  particularly  during  the  irradiation.  The 
method  of  the  above  experiment  was  therefore  duplicated  but 
here  the  yeast  was  kept  at  4°  C.  during  and  after  the  irradiation 
until  it  was  diluted  in  the  nutrient  solution  and  the  rate  of 
ox}^'gen  consumption  measured  at  room  temperature.  The  re- 
sults shown  in  Fig.  6  are  roughly  the  same  as  in  the  previous 
experiment,  showing  that  the  rate  of  the  reaction  which  is  re- 
sponsible for  the  reduction  in  R  is  relatively  independent  of 
temperature  in  this  range. 

That  the  wave  lengths  in  the  s])eetrnm  of  the  capillary  arc 
which  are  responsible  for  the  rajiid  decrease  of  II  are  sliorter 

•   

than  2200  A  is  shown  by  the  following  ex})eriment.    The  yeast 
suspended  in  physiological  salt  solution  in  a  small  quartz  test 
tube  was  irradiated  for  31  minutes  with  the  full  arc  filtered 
through  ethyl  alcohol  contained  in  a  large  quartz  test  tube  placed 
outside  that  containing  the  yeast.    The  rate  of  respiration  of 
the  control  suspension  and  the  exposed  suspension  both  diluted 
in  nutrient  as  above  were  then  measured  and  found  to  be  equal 
within  5  per  cent.   Next  day,  however,  the  respiration  of  the  ex- 
posed yeast  (which  had  been  kept  in  physiological  salt  solution 
at  4°  C.)  had  dropped  90  per  cent  while  that  of  the  control  sus- 
pension remained  constant.   It  is  to  be  concluded  from  this  ex- 
periment that  alcohol  absorbs  most  of  the  radiation  which  is 
iuimediately  effective  in  reducing  the  rate  of  respiration.  The 
most  effective  wave  lengths  aie  therefore  less  than  2250  A,  the 
absori)tion  limit  of  alcohol.    The  effective  absori)tion  is  prob- 
ably by  molecules  of  the  respiratory  system  of  yeast,  l)ut  it  is 
possible  that  prodncts  are  produced  by  irradiation  with  these 
short  wave  lengths  which  may  "poison"  the  respiratory  enzyme 
svstem. 

C.  The  Effects  of  Combining  Heat  tvith  Irradiation  at  }J2650. 
— ^As  mentioned  in  11.-/^.  special  interest  w^ould  attach  to  an  in- 
vestigation of  the  effects  of  combinations  of  heat  and  ultraviolet 
treatments,  most  particularly  ultraviolet  of  wave  lengths  2650  A 
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which  woiikl  affect  principally  the  luicloic  acid.  Coiisctpiently 
a  set  of  experiments  of  the  following  general  plan  was  carri<Mi 
out.  One  portion  R  oi  &  suspension  of  standard  yeast  in  physi- 
ological salt  solution  was  exposed  for  a  certain  length  of  time 
to  X2650.  Another  portion  H  was  exposed  to  a  temperature  of 
50°  C  for  another  length  of  time.  A  portion  RH  of  the  irradi 
ated  suspension  was  then  exposed  to  50°  C.  and  a  portion  HR 
of  the  heat  treated  suspension  was  irradiated  with  X2650.  The 
untreated  control  suspension  C,  the  two  suspensions  R  and  H 
given  separate  treatments,  and  the  two  suspensions  RH  and 
HR  given  equivalent  treatments  combined  in  reverse  order  thus 
gave  five  samples  available  for  study.  Dilution  plates  were 
poured  and  determinations  of  the  per  cent  of  stained  cells  were 
made  on  each  sample.  One  ce.  of  each  sample  was  added  to 
10  cc.  of  the  nutrient  solution  and  the  rates  of  respiration  wen^ 
measured.  It  was  soon  found,  however,  that  the  sensitivities 
of  the  three  physiological  })rocesses  to  the  various  treatnient?: 
were  so  different  that  it  w^as  impractical  to  attempt  to  make  de- 
terminations of  all  three  of  these  processes  in  each  case. 

The  results  of  nine  ex])eriments  of  varying  severity  of  treat- 
ment are  given  in  Tables  I  and  II.  In  the  first  column  of  the 
table  is  given  the  number  of  the  experiment.  The  samples  are 
listed  in  the  second  column,  the  number  following  the  letter  R 
or  H  indicating  the  time  in  minutes  of  radiation  or  heat  treat- 
ment given  the  sample.  Thus  the  notation  B5H10  indicates  a 
sample  which  had  been  exposed  to  X2650  for  5,  minutes  and  then 
to  50°  C.  for  10  minutes.  In  the  third  column  of  Table  I  is  given 
the  concentration  of  colony-forming  organisms  in  each  sample 
for  moderate  treatments  and  in  Table  II,  the  relative  rates  of 
respiration  for  more  severe  treatments  and  the  values  calculated 
from  Eq.  (1).  The  survivals  as  determined  from  colony  countf 
are  given  in  the  fourth  column  together  with  values  calculated 
with  Kq.  (1),  while  the  fifth  column  cont^iins  the  percentage  of 
cells  which  icsisted  staining  by  methylene  blue  after  1  hour  of 
exposui"e  to  the  dye.  The  sixth  column  contains  the  percentage 
of  cells  which  resisted  staining  after  longer  periods  of  exposure 
to  the  dye. 

The  ability  of  the  cells  to  form  colonies  is  seen  to  be  the  most 
sensitive  of  the  three  physiological  processes  both  to  heat  and 
irradiation  with  X2650.   Respiration  is  quite  sensitive  to  heat, 
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TABl.K  I 


l^KJM^vioR  OF  Yeast  Exposed  to  X2b50,  to  50°  C.  and  to  Combined  Treatments: 

Colony  Fobmation  and  Staining 


I4o.  of 
Experi- 
ment 

Swnple 

Conccii. 
of  Colony- 

Survival 

Per  Cent  of  .Stnin  Reaiiting 
Cells 

forming 
Cells 

Per  Cent 

Aftfi 

1  lit. 

Later 

I. 

(28  hr  ) 

C 

78X10« 

100 

99.1 

96.4 

R5 

52X10« 

92 

98.9 

97.9 

HID 

72X10* 

67 

96.4 

89.0 

R5H10 

133X10* 

17 

92.1 

79.2 

H10R5 

193X10* 

25 

97  0 

88  9 

Calc. 

H10R5 

62 

II. 

^46  hr  ) 

y  *  V/  All  •  f 

C 

276X10* 

100 

99.4 

91.6 

R7 

738  XIO* 

26.7 

99.1 

94.5 

HI5 

278X10* 

10.1 

98.9 

15.8 

R7H15 

137X10* 

0.050 

95.4 

6.9 

HloR7 

322X10* 

0.117 

97.9 

41.5 

Calc. 

HloR7 

2.6 

III. 

(44  hr.) 

C 

163X10* 

100 

99.1 

67.2 

R7 

228X10* 

14.0 

99.5 

54.8 

H15 

748X10* 

45.8 

97.9 

45.7 

R7H15 

145X10' 

0.089 

97.7 

63.0 

H15R7 

69X10* 

0.42 

98.0 

41.5 

Calc. 

H15R7 

6.4 

IV. 

C 

RIO 

H25 

R10H25 
H25R10 

182X10* 
166X10* 

101 X 10' 
4X10* 
15X10* 

100.0 
0.91 

0..')6 

0.002 

0.008 

V. 

C 

R15 

11.30 

Rl.iH.iO 
H30R15 

98.1 
99.0 
97.6 

92.5 
97.1 

(19  hr.) 
95.8 
92.3 

6.3 
23.9 
2.3 

but  is  only  sli^litly  MtTccted  by  45  iniinitcs  of  irradiation  with 
X2650  (Exp.  IX).  Likewise  the  resistance  of  tlie  cells  to  stain- 
ing is  reduced  to  a  syreater  extent  by  heat  than  by  a265();  only 
in  Exp.  VII  in  which  the  suspension  of  cells  was  irradiated  for 
60  minutes  is  there  a  significant  difference  between  B.  and  C 
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TABLE  II 


Bbhaviob  of  Ybast  Exposed  to  X2650,  to  50°  C.  avd  to  Coiibiked  Trkatmbct^: 

Rats  of  Rssplration  and  Staining 


No.  of 
Experi- 
ment 

Sample 

Relative  Rate  of 
Uespiration 

Per  Cent  of  Stain  R^Bistiiifc 

After 
1  hr. 

Later 

After 
1  hr. 

JLater 

VI. 

c 

R20 
H20 
R20H20 
H20R20 

0.199 
0.204 
0.072 
0.064 

0.059 

97.5 
98.2 
93.7 
92.8 

OG..-) 

(45  hr.) 

94.1 
.1.3  0 
lo.G 
18.4 

1  :■!  4 

Calc. 

H20R20 

0.074 

VII. 

C 

R30 

H60 

R30HoO 
H60R30 

98.7 
98.7 
95.1 
85.1 
97.9 

(21  hr.) 
87.5 
88.4 
7.8 
52.3 
26.7 

VIII. 

C 

R60 

HI  20 

R60Hr20 

H120R60 

99.8 
91.1 

20.3 
65.5 

(45  hr.) 
82.6 
68.0 

J.  1 
0.6 
0.6 

IX. 

C 

R45 

H20 

R45H20 

H20R45 

0.400 
0.350 
0.248 

0.228 
0.231 

(7  hr.) 
0.400 
0.330 

0.285 
0.234 
0.235 

Calc. 

H20R45 

0.218 

0.236 

after  one  hour  of  exposure  to  the  dye.  The  observations  after 
longer  exposure  to  the  dye  are  less  consistent,  but  here  too,  heat 
treatment  produced  more  staining  than  radiation  in  all  experi- 
ments. 

It  is  significant  that  in  only  one  case  (Exp.  Ill,  Sample  H15) 

did  the  percentage  of  cells  which  took  the  methylene  blue  stain 

after  2  days  of  exposure  cori'espoiid  to  the  percentage  whicli 
failed  to  produce  colonies.^    In  all  other  treated  samples  the 

1  There  is  a  possibility  that  the  effects  with  methylene  blue  might  be  complicated 
by  the  reduction  of  the  dye  to  a  colorless  form.  Further  experiments  will  be  con- 
ducted uaing  a  non-reducible  dye. 
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percentage  of  cells  which  took  the  stain  after  two  days  exposure 
"was  always  considerably  less  than  that  which  failed  to  produce 
colonies,  in  spite  of  the  fact  that  the  dye  itself  is  toxic,  witnessed 

l>y  tlio  ]iu-<^v  peT'eenta«;o  of  control  cells  which  eventually  took  the 
stain  after  two  days  of  exposure  to  the  dye.  These  facts  to- 
li'other  with  the  ureat  differences  in  sensitivity  of  the  two  proc- 
esses to  lethal  agents  argue  strongly  for  the  point  that  the  two 
processes  depend  on  ([uite  separate  mechanisms  for  their  ex- 
pression. Also,  the  fact  that  a  cell  resists  staining  does  not 
mean  that  it  is  living**  in  the  sense  that  it  would  be  able  to 
multiply  to  produce  a  colony  on  nutrient  agar.  As  far  as  is 
known,  however,  a  cell  which  does  stain  would  be  incapable  of 
producing  a  colony  if  placed  in  a  favorable  medium. 

Probably  the  most  striking  effect  to  be  noted  from  Table  I 
is  the  sensitization  to  heat  treatment  caused  by  irradiation  with 
7.2G5().  In  every  case  tlic  concentration  of  colony-forming  or- 
g:anisnis  in  the  BTf  sain])le  is  much  lower  than  that  in  the  IIR 
samjile.  Similarly,  a  nnich  smallei-  percentage  of  tlie  cells  in  the 
I^H  sample  resist  methylene  blue  stain  aftei-  an  hour  of  exposure 
to  the  dye  than  in  the  JIR  sample.  Irradiation  with  X2650  thus 
sensitizes  to  heat  treatment  both  the  colony-forming  ability  and 
resistance  to  staining. 

The  effects  of  heat  and  radiation  are  not  additive,  however, 
even  when  radiation  follows  heat  treatment.  The  additive  re- 
lation 

hr  =  hXr  (1) 

of  ll.-D.  was  used  to  calculate  the  values  for  the  survivals  in 
Table  I.  It  is  seen  that  the  observed  values  for  the  HR  sample 
are  considerably  lower  than  the  calculated  values  (except  in 
Exp.  IX  where  the  numbers  of  colonies  counted  were  too  small 
to  be  significant). 

Neither  are  the  effects  additive  with  regard  to  staining  rela- 
tions. It  is  interesting  to  note  that  in  a  considerable  number  of 
experiments  (I,  III,  V,  VI,  VTI)  radiation  appears  to  reduce  the 
amount  of  staining  either  of  the  control  or  of  the  heat  treated 
sample.  The  results  obtained  after  long  periods  of  exposure  to 
the  dye  appear  to  be  rather  erratic.  Since  a  long  time  is  allowed 
iu  these  experiments  between  exposure  and  the  making  of  ob- 
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servations,  complicated  interactions  may  have  occurred  giving 
rise  to  the  high  apparent  variation. 

In  contrast  with  the  above,  the  rate  of  respiration  of  the  HR 
and  RE  samples  are  equal  within  experimental  error;  X2650 
does  not  sensitize  the  respiratory  system  to  heat.  Also,  from 
the  agreement  between  the  calculated  and  observed  values  it  is 
ai)parent  that  the  effects  of  X2650  and  of  heat  are  additive  in 
their  eifect  upon  respiration,  at  least  witliin  the  raiiije  of  valuei^ 
studied.  The  sini])le  case  in  which  both  of  these  reUitirnis  should 
exist  is  that  [IT.-/>.  ',).a.{l){a)]  in  which  heat  and  radiation  act 
on  the  same  functional  unit  in  the  cell  and  each  independently 
can  inactivate  the  mechanism. 

V.  Conclusions 

e 

Wave  leii.oftlis  shorter  tlian  2200  A  only  are  effect iv('  iii  ])ro- 
ducinn  innnediate  staining-  of  veast  with  niethvlene  h\\iv  and  the 
elfects  apjK'ar  to  result  from  the  direct  action  of  the  light  on 
the  cellular  constituents. 

Previous  irradiation  of  yeast  with  X2650  prevents  the  im- 
mediate gradual  increase  in  respiration  which  normally  occurs 
when  the  yeast  is  placed  in  nutrient.  The  oxygen  uptake  of  the 
cell  during  irradiation  with  high  intensities  of  ultraviolet  light 
depends  on  (a)  the  rate  at  which  normal  aerobic  respiration 
is  reduced,  and  (b)  the  rate  of  photooxidation  of  the  cellular 
constituents  which  continues  after  the  irradiation  has  ceaf^ed: 
all  three  processes  depi-nd,  of  course,  on  the  liiiht  intensit\  . 

Irradiation  of  veast  with  ).2650  sensitizes  onlv  sliffhtlv  the 
cells  to  innnediate  stainini;-  with  niethvlene  blue.  The  killing 
(removal  of  colony-form  in  capacity)  of  cells  by  heat  is  sen- 
sitized to  a  marked  degroe  l)y  previous  irradiation  with  X2650. 
On  the  other  hand,  heat  treatment  and  irradiation  with  X2650 
are  additive  with  respect  to  decreasing  the  rate  of  respiration. 
This  result  implies  that  radiation  and  heat  act  independently  on 
the  rate  determining  links  in  the  enzyme  chain. 

It  seems  desirable  to  attempt  to  interpret  briefly  the  results 
which  involve  growth  in  terms  of  modern  theories  of  bioloipcal 
activity  (Jordan,  1939;  Pauling  and  Delbriick,  1940)  in  which 
certain  molecules  in  the  livin*;  cell  are  lookinl  ui)on  as  patterns 
active  in  attaching  groups  to  themselves,  reproducing  in  this,  way 
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the  8i)ecific-  molecules  characteristic  of  the  species  and  necessary 
for  its  xjropagation. 

The  prevention  of  the  normal  increase  in  respiration  by  ir- 
radiation with  X2650  suggests  that  one  or  more  of  the  patterns 
necessary  for  the  synthesis  of  respiratory  enzymes  may  be 
broken  by  light  of  this  wave  length.  Since  the  principal  cellular 
constituents  which  absorb  this  wave  length  are  the  nucleo-pro- 
teinSy  the  implication  is  that  the  nucleoproteins  are  in  some  way 
responsible  for  the  production  of  at  least  one  of  the  links  in 
the  enzyme  chain. 

Radiation  alone  and  heat  alone  are,  of  course,  capable  of 
breaking  jjatterns.  That  irradiation  of  cells  with  X2650  sensi- 
tizes the  cells  to  killing  by  heat  suggests  that  the  nucleo-proteins 
may  be  injured  (bonds  broken)  by  irradiation,  but  that  they  are 
still  capable  of  functioning  as  patterns  to  some  extent  for  the 
formation  of  additional  cellular  constituents,  unless  the  weak- 
ened molecules  are  further  denatured  by  heat  (Clark,  1925). 
From  the  results  on  oxygen  uptake  during  and  following  intense 
irradiation,  it  appears  that  ,  one  step  involved  in  the  photo- 
denaturation  is  an  oxidation. 

Other  explanations  of  these  effects  are,  of  course,  possible, 
but  we  believe  that  the  essential  explanation  of  the  effects  of 
light  and  of  heat  must  involve  either  the  direct  inactivation  of 
functional  units  including  the  specific  patterns,  or  the  produc- 
tion of  products  which,  in  a  secondary  reaction,  inactivate  the 
functional  units  or  patterns. 
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(Communicated  by  Hugh  S.  Taylor) 
Abstbact 

In  an  effort  to  determine  why  bronze  objects  found  at  the  sit*>  of  aiu'i(>nt  Corinth 
:irf"  almost  invariably  in  a  very  poor  stati-  of  ])reservation  chemical  analyses  were 
uiade  of  several  typical  objects.  Two  especially  significant  facts  were  thus  dis- 
covered. One  was  that  the  metal  of  all  such  objects  originally  contained  a  high  pro- 
portion of  tin  and  little  or  no  lead,  a  type  of  metal  likely  to  become  highly  corroded 
under  natural  conditions.  Tlie  utiicr  was  that  basic  cupric  chloride  was  present  in 
noticeable  quantity  in  the  corrosion  products  of  these  objects,  an  indication  that  the 
soil  conditions  at  the  site  were  unfavorable  for  the  preservation  of  bronse.  That  the 
water  and  soil  at  Torintli  contain  an  unusually  high  inopdrtion  of  soluble  chlorides  is 
indicated  by  the  presence  of  an  unusually  high  proportion  of  chloride  ion  in  the 
water  of  the  Fountain  Peirene.  Experiments  in  which  a  clean  fragment  of  ancient 
Ck>rinthian  bronse  was  exposed  to  the  action  of  chloride  solutions  under  various  con- 
ditions confirmed  the  hypothesis  that  soluble  chlorides,  as  well  as  the  composition  of 
the  metal,  were  responsible  for  the  very  poor  state  of  preservation  of  the  objects. 

In  order  to  obtain  information  on  the  mechanism  of  the  corrosive  action,  a  de- 
tailed microscopic  examination  was  made  of  the  metallic  core  and  patina  of  one  of 
tbe  objects.  Photomicrographs  of  typical  structures  were  taken,  and  some  of  these 
are  shown  on  the  Plates. 

From  the  various  observed  facts  and  the  general  electrolytic  theory  of  corrosion 
a  detailed  explanation  is  g^ven  of  the  probable  course  of  the  chemical  changes  which 
occurred  during  the  corrosion  of  bronze  at  Corinth.  This  explanation  fully  accounts 
for  the  formation  of  the  various  compounds  found  in  the  corrosion  products. 

In  conclusion  a  critical  examination  is  made  of  the  statement  of  Pausanias  about 
tlu'  treatment  of  the  bronze  of  Corinth  in  the  water  of  the  Fountain  Peireno.  Tt  is 
shown  that  chemical  and  metallurgical  facts  make  possible  the  definite  rejection  of 
certain  previous  interpretations  or  translations  of  this  statement.  For  example,  it  is 
impossible  that  the  treatment  had  as  its  purpose  the  hardening  of  tlie  metal.  What 
appears  likely  is  that  the  water  was  em])lfiy('(l  as  a  cooling  medium  in  flic  \v(»rking  of 
high-tin  bronze  and  that  the  successful  working  of  this  particular  alloy  at  Corinth 
was  wrongly  ascribed  to  the  peculiar  character  of  the  water  of  the  Fountain  Peirene 
rather  than  to  the  particular  course  of  heat  treatment  to  which  the  bronze  was 
subjected. 

Introductory  Remarks 

The  unusually  poor  state  of  jiicsi'i  vation  of  bronzo  o])jocts 
recovered  at  the  site  of  ancient  Corinth  has  tjeen  frequently  noted 
by  archfpologists  who  have  excavated  there.  Out  of  curiosity  an 
investigation  was  undertaken  for  the  purpose  of  finding  some 
explanation  for  the  poor  state  of  preservation  of  such  objects, 
and  it  is  believed  that  an  adequate  explanation  has  been  found. 
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The  facts  supjjortini^  this  explanation  and  the  explanation  il^eli 
constitute  the  ijrinci})ai  suhslaiice  of  this  pajjer.  However,  vari- 
ous new  specific  facts  or  ireiieral  conclusions  of  arclurohtirical  ur 
chemical  interest,  not  directly  related  to  the  main  object  of  tli- 
investigation,  were  uncovered  or  became  apparent  in  the  cours* 
of  the  work.  The  most  important  or  interesting  of  these  are 
also  reported.  In  addition,  a  critical  interpretation  is  ^ven  of 
the  somewhat  obscure  remark  of  Pausanias  concerning  tlie  treat- 
ment of  bronze  at  Corinth  with  the  water  of  the  Fountain  Peirene. 

Chemical  Analyses  of  Metals  and  Corrosion  Products 

In  order  to  determine  whether  or  not  some  inherent  chemical 
peculiarity  of  the  Coriiitliian  bronzes  was  responsible  for  their 
poor  state  of  preservation,  a  series  of  typical  objects  in  vari- 
ous states  of  preservation  was  analyzed.  The  results  of  these 
analyses  are  Usted  successively  in  accordance  with  the  ages  of 
the  objects  analyzed.  Significant  facts  revealed  by  each  analy- 
sis are  discussed  immediately  after  the  tabulation  of  each  set  0/ 
analytical  results,  but  general  conclusions  germane  to  the  main 
thesis  of  this  paper  are  given  only  after  the  presentation  and 
discussion  of  all  the  individual  analyses. 

Middle  Helladic  Ring, — This  small  bronze  ring  was  so  brittle 
and  corroded  that  the  excavators  on  removing  it  from  the  ground 
had  accidentally  broken  it  into  several  fragments.  These  frag- 
ments could  be  broken  easilv  into  smaller  frairments.  From  the 
freshly  broken  ends  of  such  fragments  it  was  evident  that  each 
contained  a  central  core  of  distinctly  metallic  ai)pearance,  and 
tliat  this  core  was  surrounded  bv  a  thick,  dense,  reddish  laver  of 
corrosion  jiroducts,  which  in  turn  was  surrounded  by  a  thin  ex- 
terior coating  of  clay  soil  iidmixed  with  small  amounts  of  green- 
ish corrosion  products.  On  qualitative  examination  the  thick 
reddish  layer  was  found  to  consist  almost  entirely  of  cuprons 
oxide.  As  will  be  shown  quantitatively  from  the  examination  of 
some  of  the  other  objects,  this  particular  compound  is  the  prin- 
cipal product  formed  in  the  corrosion  of  bronze  at  Corinth.  Be- 
fore analysis  all  the  material  surrounding  the  central  cores  of 
the  fragments  was  removed  mechanically.  The  isolated  corei» 
were  metallic  and  homogeneous  in  appearance,  though  their  brit- 
tleness  and  the  color  of  filings  detached  from  them  indicated  that 
considerable  cuprous  oxide  was  present  in  the  metal  as  an  inter- 
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granular  corrosion  product.  No  attempt  was  made  to  separate 
this  compound  from  the  metal  hefore  analysis  since  it  seemed 
impossible  to  do  so  without  altering  the  composition  of  the  metal 

Ltselt'.  Till'  following  analytical  r-esults  therefore  represent  the 
C(mi]3()sition  of  the  metallic  core  of  the  object  freed  from  cor- 
rosion products  external  to  its  surface: 


Cu    80.98 

Sn   13.90 

Pb  57 

Fe  05 

Ni  04 

Co,  Zn,  Ag,  Au    nil 

As  51 

S    nil 


Total   96.05 

O  (By  Difference)    3.95 


100.00 

These  results  show  the  metal  of  this  ring  to  be  a  simple  high- 
tin  bronze  containing  such  a  small  proportion  of  lead  that  this 
metal  must  be  regarded  as  an  impurity  and  not  as  an  intentional 

component  of  the  alloy.  Iron,  nickel,  and  arsenic,  the  other  im- 
purities fonnd,  are  the  ones  often  encountered  in  ancient  bronze. 
Only  the  arsenic  is  present  in  projjortion  somewhat  greater  than 
usual.  Sulfur,  an  impurity  that  might  lead  to  rapid  corrosion, 
is  absent. 

Geometric  Bowl. — Only  a  few,  small,  completely  corroded 
fragments  of  this  object  were  available  for  analysis,  and  these 
fragments  were  so  thin  and  the  substance  of  them  so  mixed  with 
adherent  soil  that  it  was  not  possible  to  obtain  a  sample  of  the 
corrosion  products  sufficiently  homogeneous  and  representative 
to  justify  a  quantitative  analysis.  Therefore,  only  a  qualitative 
analysis  was  made.   The  following  results  were  obtained : 


Prcs(>nt  in  Large  Proportion    Cu 

Present  in  Moderate  Proportion   Sn,  O 

Present  in  Small  Proportion    Pb,  Pc,  CI 

Present  in  Very  Small  Proportion   Zn 

Absent    Ni,  Co,  Ag,  Au 


Elements  such  as  aluminum,  which  were  found  to  be  present, 
hut  which  obviously  occurred  in  the  contaminating  soil  and  not 
in  the  corrosion  products  of  the  metal,  are  purposely  omitted 
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from  this  tabulaUon.  According  to  these  results  the  origiiial 
metal  was  an  ordinary  bronze  containing  some  of  the  usual  im- 
purities. However,  the  presence  of  metallic  chlorides  in  the  cor- 
rosion products  of  this  alloy  is  not  so  usual,  and  their  presence  ii< 

of  special  significance  for  explaining  the  corrosion  of  buried 
bronze  at  Corinth. 

Sixth  Cent  my  Bowl. — For  the  same  reasons  as  given  for  tbt 
j)receding  object  no  quantitative  analysis  was  attempted.  The 
results  of  the  qualitative  examination  were  as  follows: 

Present  in  Large  Proportion    Cu 

Present  in  Moderate  Proportion  Sn,  O 

Present  in  Small  Proportion   Fe,  CI 

Absent    Pb,  Ni,  Co,  Zn,  Ag,  An 

According  to  these  results  the  original  metal  was  a  bronze 
that  contained  no  lead  and  was  unusually  free  from  some  of  the 
other  metallic  impurities  often  found  in  ancient  bronze.  The 
absence  of  nickel  in  both  this  corroded  object  and  in  the  preced- 
ing one  is  worthy  of  particular  remark  since  nickel  is  almost  in- 
variably present  as  an  impurity  in  unaltered  bronze  found  at 
Greek  sites.  It  is  to  be  especially  noted  that  metallic  chlorides 
were  also  present  in  the  corrosion  products  of  the  metal  of  this 
object. 

Sixth  or  Fifth  Ccntunj  Strigil  Blade.— This  thin  bhule  was 
completely  corroded  and  had  been  broken  into  many  small  frag- 
ments. Except  for  some  adherent  soil  and  for  a  very  thin  layer 
of  a  green  copper  corrosion  product,  apparently  basic  cupric 
chloride,  on  their  outside  surfaces,  these  fragments  were  com- 
posed of  a  brownish-red  substance  that  appeared  to  consist 
mostly  of  cuprous  oxide.  Since  the  material  was  sufficient  in 
amount,  and  representative  samples  reasonably  free  from  ad- 
herent soil  could  be  prepared,  a  complete  quantitative  analysit^ 
was  made.   The  results  were  as  follows : 


Cu    75.83 

Sn    7.98 

Pb  07 

Pe   89 

Ni   01 

Co,  Zn,  Ag,  Au   nil 

As  08 

8   05 

CI   73 


SiO   1.44 

CO,    tr. 

Combined  lIjO    pr. 


O  and  H,0  (By  Difference)   12  !*2 


100.00 
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The  original  metal  of  this  corroded  object,  like  that  of  the 
two  preceding  objects,  was  evidently  a  simple  bronze,  though  one 
that  contained  more  of  the  impurities  usually  found  in  ancient 
bronze.  From  the  ratio  of  tin  to  copper  given  l)y  this  analysis, 
the  alloy  of  which  the  object  was  originally  composed  would  ap- 
pear to  have  contained  about  ten  per  cent  of  tin.  However,  it  is 
very  likely  that  the  percentage  of  tin  was  considerably  higher 
than  this,  since,  as  will  be  clearly  shown  from  analyses  of  the 
next  object,  the  ratio  of  tin  to  copper  tends  to  be  lower  in  the 
corrosir)u  products  of  an  ancient  bronze  than  in  the  unaltered 
metal.  Hence  this  strigil  blade  was  probably  composed  of  high- 
tin  bronze. 

The  proportion  of  sulfur  found  by  this  analysis  is  probably 
too  small  to  be  of  any  significance  for  explaining  the  complete 
corrosion  of  the  object.  Similar  low  proportions  have  been  fre- 
quently found  in  well  preserved  ancient  bronzes.  On  the  other 
hand,  the  proportion  of  chlorine,  which  is  much  higher,  is  un- 
doubtedly of  some  significance  for  explaining  the  extent  to  which 
the  object  was  corroded.  The  marked  propertion  of  silica  found 
on  analysis  may  have  l)een  present  in  the  form  of  soil  on  the  ex- 
terior of  the  fragments  that  were  analyzed,  though  because  of 
the  care  taken  to  remove  all  visible  soil,  it  seems  much  more 
likely  that  this  silica  was  actually  present  within  the  mass  of  the 
fragments  as  a  dei)osit  from  su})terranean  water  containing  dis- 
solved silica.  That  the  subterranean  water  at  Corinth  contains 
much  dissolved  silica  is  certain  from  the  comiK)sition  of  the  water 
of  the  Fountain  Peirene,  an  analysis  of  which  is  given  in  the 
next  part  of  this  paper.  The  presence  of  only  a  trace  of  car- 
bonate in  the  material  of  this  object  is  perhaps  surprising  in 
view  of  the  general  belief  that  basic  copper  carbonate  is  an  in- 
variable product  of  the  corrosion  of  ancient  bronze. 

The  various  compounds  present  in  the  mixture  of  bronze  cor- 
rosion products  of  which  this  object  is  composed  may  be  re- 
garded as  true  minerals  formed  by  natural  processes.  The 
identity  of  the  principal  comi^ounds  or  minerals  which  occur  in 
this  mixture  of  corrosion  products  may  be  established  with  rea- 
sonable certainty  from  their  physical  and  chemical  properties, 
and  the  approximate  ])r()p()i  ti()ns  in  which  they  occur  may  ap- 
parently be  calculated  with  (Mpial  certainty  from  the  results  of 
the  analysis.   If  all  the  chlorine  is  assumed  to  be  present  in  com- 
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bination  as  the  basic  cupric  chloride,  atacamite,  with  the  f  omrala 
3Cu(OH)2*CuCl2,  and  all  the  copper  not  required  for  combina- 
tion in  this  compound  is  assumed  to  be  in  the  form  of  cuprous 
oxide,  or  cuprite,  and  the  tin  and  iron  are  taken  to  be  present  in 
their  highest  states  of  oxidation  wholly  as  anhydrous  oxides, 
then  the  principal  components  of  these  corrosion  products,  in- 
cluding also  the  silica,  are  as  follows : 


Cu,0    82.4 

3Cu(0H),-CuCl,    4.4 

SnO.    10.1 

iV,6,    i-*^ 

SiO,    1.4 


99.6 

Whether  the  oxidized  iron  is  wholly  present  as  the  anhydrous 
oxide,  hematite,  or  in  part  as  one  of  the  hydrated  forms  of  this 
oxide,  limonite  for  example,  is  not  quite  certain.    K  present  in 
large  part  as  one  of  the  hydrated  forms,  which  is  not  unlikely, 
then  the  summation  of  the  principal  components  would  be  even 
closer  to  one  hundred  per  cent.   At  any  rate  the  very  satisfac- 
tory summation  of  the  calculated  proportions  of  the  principal 
components  of  the  mixture  of  corrosion  products  is  at  least  a 
good  indication  of  the  essential  correctness  of  the  identifications 
and  of  the  method  of  calculation.    Though  no  attention  was  paid 
in  this  calculation  to  the  various  impurities,  such  as  arsenic  and 
lead,  it  is  clear  from  tlicir  small  proportion  that  in  whatever 
form  of  combination  those  elements  occur  in  the  mixture  of  cor- 
rosion products  no  sii>-niticant  change  in  the  ])r()])orti()ns  of  (he 
principal  components  of  tlie  mixture  could  result  if  tliey  were 
taken  into  account.    No  attemi)t  was  made  to  take  them  into  ac- 
count because  the  determination  of  the  exact  form  of  their  com- 
binations in  such  a  complex  and  preponderant  mass  of  other 
compounds  is  a  problem  of  great  experimental  difficulty  and  un- 
certainty. 

Fifth  Century  Strigil  Handle. — This  last  object  was  the  most 
interesting  and  instructive  of  the  series  because  it  contained  a 
metallic  core  surrounded  by  a  thick,  compact  patina  which  could 
be  sharply  separated  mechanically  from  the  core,  thus  making 
possible  a  study  of  the  chemical  composition  of  both  the  metal 
and  its  corrosion  products.   Moreover,  as  will  appear  in  another 
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part  of  this  paper,  the  peculiar  condition  of  the  object  made  pos- 
sible a  thorough  study  of  the  microscopic  structure  of  both 
patina  and  metal,  and,  more  important  still,  of  the  region  of 
transition  between  the  two. 

This  strigil  handle,  almost  complete,  was  8.5  cm.  long  and  had 
nearly  uniform  width  of  1.5  cm.,  except  near  the  end  where  the 
Wade  had  been  attached.   There  the  width  was  2.0  cm.   It  had 
SL  nearly  uniform  thickness  of  0.5  cm.  except  at  the  blade  end 
Avhere  the  thickness  was  onlv  0.2  to  0.3  cm.    The  metallic  core 
^vas  continuous  throughout  the  straight  part  of  the  handh',  and 
the  layer  of  patina  surrounding  this  core  had  a  nearly  uniform 
thickness  wliich  vfiried  only  between  0.15  cm.  and  0.20  cm.  The 
exterior  of  the  ohject  was  nearly  free  from  adherent  soil  and  was 
of  a  dull  green  color.    For  the  most  part  the  very  thin  coating  of 
copper  corrosion  products  which  constituted  the  outermost  layer 
of  the  patina  consisted  of  the  basic  cupric  chloride,  atacamite, 
though  a  small  proportion  of  basic  cupric  carbonate,  or  mala- 
chite, was  also  present,  and  in  one  isolated  spot  a  few  minute 
crystals  of  the  other  natural  basic  cupric  carbonate,  azurite,  were 
observed.   Between  this  outermost  layer  and  the  metallic  core, 
the  patina  was  largely  composed  of  a  very  hard,  compact,  brown- 
ish or  greyish  purple  material  arranged  in  a  great  number  of 
more  or  less  distinct  thin  layers  around  the  core.   A  very  few 
thin  layers  or  minute  patches  of  a  greyish  or  greenish  white  ma- 
terial were  irregularly  distributed  in  the  dark  ground  mass  of 
the  patina.    The  purplish  constituent  of  the  patina  was  largely 
cuprous  oxide,  and  the  wliitish  material  appeared  to  be  largely 
stannic  oxide,  though  some  of  it  apparently  contained  consider- 
able basic  cupric  chloride. 

For  the  analyses,  a  section  .'>  cm.  in  length  was  selected  from 
the  middle  of  the  object.  The  outermost  surface  of  the  patina 
was  removed  with  a  file  and  discarded  in  order  to  make  sure  that 
no  soil  or  other  foreign  matter  was  included  in  the  sample  of 
patina  taken  for  analysis.  By  means  of  a  clean  file  the  patina 
was  then  systematically  filed  down  to  within  a  very  short  dis- 
tance of  the  metallic  core,  special  care  being  taken,  however,  to 
avoid  including  any  filings  of  metal.  The  fine  powder  so  ob- 
tained had  a  brownish  red  color,  very  different  from  that  of  the 
compact  patina.  After  treating  this  powder  with  a  strong 
magnet  in  order  to  remove  minute  particles  of  iron  that  had 
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been  detached  from  the  file,  and  after  mixing  it  thoronirhly,  the 
powder  was  analyzed  directly  without  subjecting  it  to  any  dry- 
ing treatment.  In  order  to  obtain  samples  of  the  metal,  the  re- 
mainder of  the  patina  was  filed  away  from  the  metallic  core  ^nd 
discarded.  Though  the  metal  so  isolated  had  a  ])riglit,  bras<y 
lustre,  its  brittleness  and  the  color  of  filings  detached  from  it 
indicated  that  some  cuprous  oxide  was  still  present  within  its 
mass  as  an  intergranular  corrosion  product.  No  attempt  wa» 
made  to  separate  this  compound  from  the  metal  before  analy^ 
because  it  seemed  impossible  to  do  so  without  altering  the  com- 
position of  the  metal  itself.  The  cleaned  metallic  core,  which 
was  very  hard,  was  then  divided  into  several  samples  of  suitable 
size.  The  following  results  were  obtained  from  the  analysis  of 
these  samples: 

Cn    82.23     Co,  Zn,  Ag,  Au,  As,  8   nil 

8n    13.86   

Pb   02      Totnl   96.34 

Fe   21     O  (By  Difference)    3.66 

Ni  02   

100.00 

These  results  show  the  metal  to  be  a  simple  high-tin  bronze 
unusually  free  from  the  various  impurities  often  found  in  ancient 
bronze.   Even  the  lead  content  is  abnormally  low. 

Analysis  of  the  sample  of  patina  yielded  the  following  re- 
sults : 

Ou    76.54     CO,    tr. 

Rn    7.34     Combined  H,0    pr. 

Pb  02   


Fe   27     Total   84.88 

Ni,  Co,  Zn,  Ag,  Au,  As,  S   nil     O  and  H,0  (By  Difference)    15.12 

a   30   


SiO,  41  100.00 

A  comparison  of  these  analytical  results  with  those  obtained 

on  the  preceding  object  will  show  at  once  that  this  patina,  formed 
by  the  partial  corrosion  of  a  ])ai-tic-ular  kind  of  bronze  object,  is 
very  similar  in  composition  to  the  material  resulting  from  the 
comi)let('  con-osion  of  a  similar  object.  There  are,  of  course, 
certain  miuor  ([ualitative  and  (Quantitative  differences.  Thus, 
the  small  proportions  of  arsenic  and  sulfur  present  in  the  one  are 
absent  from  the  other,  but  such  dilferences  arise  from  insignifi- 
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oaiit  differences  in  tlie  composition  of  tlie  metals,  not  from  any 
ossential  difference  in  tlie  processes  of  corrosion.    The  presence 
c  »f  both  chloride  and  silica,  and  the  absence  of  any  marked  pro- 
p>ortion  of  carbonate,  in  both  the  patina  and  the  corrosion  prod- 
ucts of  the  strigil  blade  are  especially  to  be  noted.    The  pres- 
ence of  silica  in  this  carefnlly  prepared  sample  of  patina  appears 
to  confirm  the  previous  tentative  conclusion  that  the  silica  found 
iiX)on  the  analysis  of  the  corrosion  products  of  the  blade  arose 
not  from  extraneous  soil  but  from  free  silica  contained  within 
the  body  of  the  corrosion  products.   Not  only  does  the  similarity 
of  the  two  sets  of  analytical  results  indicate  that  the  same  com- 
pounds or  minerals  are  present  in  the  patina  and  in  the  corrosion 
products  of  the  blade,  but  this  similarity  also  indicates  that  they 
are  present  in  approximately  the  same  proportions.   By  means 
of  the  method  of  calculation  outlined  before,  it  may  be  estimated 
that  the  patina  contains  85.0  per  cent  of  cuprous  oxide  as  against 
82.4  per  cent  for  tlie  corroded  strigil  blade,      per  cent  of  stannic 
oxide  as  against  10.1  per  cent  for  the  corroded  blade,  and  1.8  ])er 
cent  of  basic  cnpric  cliloride  as  against  4.4  ])er  cent  for  the  blade. 
That  the  same  end  products  were  formed  in  about  the  sjime  ]iro- 
portions  is  at  least  an  indication  that  coi-rosion  took  phice  under 
the  same  conditions  and  that  the  chemical  ])rocesses  involved 
were  the  same.    It  should  perhaps  be  noted  in  passing,  that,  as 
far  as  the  author  has  been  able  to  determine,  tliis  analysis  of  the 
patina  of  a  Greek  strigil  handle  is  the  first  complete  quantitative 
analysis  of  the  patina  of  any  sort  of  a  Greek  bronze  object. 

Some  interesting  conclusions  follow  from  a  comparison  of 
the  composition  of  the  patina  of  this  object  with  the  composition 
of  the  bronze  from  which  it  was  formed.  In  the  first  place  the 
proportion  of  tin  to  copper  in  the  patina  is  much  lower  than  in 
the  alloy  itself.  According  to  the  results  of  the  analyses  the 
ratio  of  tin  to  copper  in  the  patina  is  only  about  one  to  ten, 
whereas  in  the  alloy  it  is  about  one  to  six.  Various  explanations 
for  this  marked  difference  are  possible,  but,  regardless  of  the 
particular  way  in  which  it  came  about,  any  calculation  of  the 
ratio  of  tin  and  copper  in  the  unaltered  alloy  of  this  ol)ject  from 
the  ratio  found  in  the  patina,  on  the  assumptif)n  that  this  re- 
mained cf)nstant,  would  have  led  to  a  very  wiouo-  couclusion,  and 
wrong  conclusions  would  be  obtained  from  similai'  calculations 
of  the  composition  of  the  unaltered  metal  of  other  objects  of  like 
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composition.  Yet,  on  the  basis  of  this  very  assnm|)tion,  varioDS 
chemists  liave  confidently  ealcnhited  tlie  original  composition  vi 
ancient  bronzes  from  the  results  of  analyses  of  their  corrosion 
products.  In  view  of  what  has  been  shown  in  regard  to  tlie  rati(»< 
of  tin  and  copper  in  the  patina  and  metal  of  this  strigil  handle, 
the  correctness  of  compositions  so  calculated  may  seriously  be 
doubted.  However,  from  a  number  of  analyses  of  different 
types  of  bronzes  and  of  their  corrosion  products  formed  under 
different  conditions,  it  may  be  possible  to  derive  a  set  of  correc- 
tion factors  that  would  make  possible  the  close  calculation  of  the 
original  proportions  of  the  principal  components  of  an  ancient 
bronze  from  the  results  of  an  analysis  of  its  corrosion  products. 
Whether  the  original  proportions  of  the  minor  components  or 
imi)urities  can  ever  be  so  calculated  is  doubtful.  In  support  of 
this  statement  it  will  be  noted  that  no  nickel  was  detected  in  the 
patina  of  this  strigil  blade,  though  0.02  per  cent,  a  small  hut 
easily  determinable  proportion,  was  found  in  the  metal.  Tbi-" 
ditTerence  perhaps  explains  why  no  nickel  was  found  in  the  eom- 
I)letely  corroded  remains  of  the  two  bronze  bowls,  and  why  only 
0.01  per  cent  was  found  in  the  corroded  strigil  blade.  Appar- 
ently the  oxidation  products  of  nickel  are  leached  out  of  the  cor- 
rosion products  of  buried  bronze  by  the  action  of  subterranean 
water.  On  the  other  hand,  as  far  as  the  results  of  the  present 
analyses  are  indicative,  lead  appears  to  remain  in  the  corrosion 
products.  It  will  be  noted  that  the  proportion  of  lead  is  the 
same  in  the  patina  of  this  strigil  handle  as  in  the  metallic  core. 
Neither  is  any  loss  of  iron  ap])arent.  Indeed,  according  to  the 
actual  aruilytical  results,  the  proportion  of  iron  is  higher  in  the 
patina  of  this  strigil  handle  tlian  in  the  metal  itself.  Iron  may 
possibly  occur  in  higher  proportion  in  the  corrosion  protUicts  of 
a  ])ronze  than  in  the  uiuiltered  metal  because  of  addition  of  iron 
from  the  soil  or  from  subterranean  water.  "Whether  these  pres- 
ent findings  concerning  the  relative  proportions  of  certain  ele- 
ments in  unaltered  bronze  and  its  corrosion  products  are  really 
of  general  validity  can  only  be  determined  by  complete  analyses 
of  many  more  ancient  bronzes  together  with  similar  analyses  of 
the  corrosion  products  of  these  bronzes. 

Partly  for  the  sake  of  gathering  together  in  one  place  all  the 
known  analyses  of  Corinthian  bronze  objects  other  than  coins, 
and  partly  because  of  its  value  as  an  independent  confirmation 
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of  the  present  results  concerning  the  type  of  alloy  employed  in 
the  fabrication  of  the  bronze  objects  found  at  Corinth,  one  other 
analysis  is  given  here,  that  of  the  metal  of  a  Corinthian  bowl 
analyzed  by  Rammelsberg.*  After  an  extensive  search  through 
journals  and  books  this  was  the  only  previous  analysis  of  such  a 
Corinthian  object  that  could  be  located.  Unfortunately,  the 
state  of  preservation  of  this  bowl  is  not  mentioned  nor  is  it  dated, 
though  a  brief  description  given  of  its  form  indicates  that  it  was 
manufactured  in  the  Greek  period.  The  bronze  of  this  bowl  is 
stated  to  have  the  following  composition : 

Cu   86.87 

Sn    11.91 

Pb  72 

Fe  25 

Ni  25 

Total    100.00 

The  most  likely  explanation  for  the  ])erfect  summation  of 
these  analytical  results  is  that  co])j)('r  or  some  other  element  was 
estimated  by  diffei'eiiee,  oi-  that  the  determined  percentages  of 
all  the  elements  wei-e  i-ecalculated  to  a  l)asis  of  one  hundred  per 
cent.  Use  of  the  second  method  for  arriving  at  the  final  results 
would  be  an  indication  that  the  object  was  more  or  less  corroded. 
However  this  may  be,  the  main  point  of  interest  in  these  results 
is  that  they  show  the  metal  of  this  bowl  to  be  a  high-tin  bronze  of 
the  same  type  as  the  metal  of  the  other  Corinthian  objects  here 
studied  as  to  quantitative  composition. 

In  view  of  the  probable  use  also  of  high-tin  bronze  containing 
very  little  lead  in  the  earliest,  or  fourth  century,  Greek  bronze 
coins  struck  at  Corinth,^  all  the  evidence  at  present  available  ap- 
pears to  show  that  bronze  of  this  one  particular  type  was  very 
commonly,  perhaj)s  iuxariably,  used  for  the  fabrication  of  all 
sorts  of  bronze  objects  at  (N)rinth  over  a  very  long  period. 
Whether  the  manufacture  and  use  of  such  a  bronze  was  a  tra- 
ditional metallurgical  practice  peculiar  tf)  Corinth  during  this 
time  cannot  be  determined  yet  because  of  lack  of  sufficient  data 
on  the  composition  of  bronze  from  other  ancient  centers  of 
bronze  manufacture. 

1  Cited  by  Pabsit,  Archaologische  Zeitung,  86,  164  (1878). 

2Caley,  "Tlio  Composition  of  Ancient  Greek  Bronze  Coins,"  Amer.  Pbilos.  Soc, 
Mem.  XI,  PhUadelphia,  1939,  p.  67. 
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Relationship  of  Composition  to  State  of  Preservation 

From  a  study  of  the  relationship  of  composition  tfi  state  of 
preservation  in  a  considerable  number  of  ancient  Greek  bronze 
coins,^  it  is  known  that  high-tin  bronze  containing  very  littl- 
lead,  that  is,  l)roiize  of  the  type  composing  these  Corinthian  oU 
jects,  is  one  of  the  types  of  bronze  most  likely  to  become  highly 
corroded  under  natural  conditions.  A  specific  indication  of  the 
importance  of  original  composition  for  the  preservation  of 
bronze  and  copper  objects  at  Corinth  is  given  by  the  composition 
and  state  of  preservation  of  an  Early  Helladic  needle  from  thi-* 
site.  Though  older  by  at  least  a  thousand  years  than  the  earliest 
of  the  bronze  objects  here  investigated,  and  older  by  about  tw** 
thousand  years  than  the  latest  of  these  objects,  this  needle  was. 
nevertheless,  in  a  better  state  of  preservation  than  any  of  them. 
The  chief  reason  for  its  excellent  condition  became  evident  from 
the  results  obtained  on  analysis  which  showed  this  object  to  be 
composed,  not  of  l)ronze,  but  of  arsenical  copper,  a  metal  rather 
resistant  to  the  action  of  natural  agents  of  corrosion.  Un- 
doubtedly, therefore,  the  jiresent  poor  state  of  preservation  oi 
these  Corinthian  bronzes  may  be  ascribed,  in  part  at  least,  to 
their  original  chemical  composition. 

However,  their  present  condition  cannot  be  wholly  explained 
on  the  basis  of  original  composition  since  high-tin  bronzes  con- 
taining little  or  no  lead  have  been  found  in  a  good  state  of  preser- 
vation at  some  sites.  That  the  bronzes  buried  at  Corinth  were 
subjected  to  ground  conditions  not  favorable  to  their  preserva- 
tion is  indicated  by  the  presence  of  basic  cupric  chloride  in  their 
corrosion  products.  This  compound  was  probably  formed  aj' 
the  result  of  reactions  ])et\veen  the  copper  in  the  alloy  and  sub- 
terranean water  containing  chlorides,  or  as  a  result  of  reactini)- 
between  this  metal  and  moist  earth  containing'  chlorides  (!<'■ 
posited  from  such  water.  That  bronze  is  corroded  at  an  ap- 
preciable rate  by  water  containing  chlorides  in  sufficient  concen- 
tration luis  been  repeatedly  demonstrated  by  experiments  on  the 
corrodibility  of  bronze.  The  composition  of  the  subterranean 
water  at  Corinth  was  therefore  investigated  in  order  to  deter- 
mine to  what  extent  the  poor  state  of  preservation  of  Corinthian 
bronzes  could  be  attributed  to  the  ground  conditions  at  that  site. 

3  Caley,  op.  cit.,  pp.  180-185. 
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OoMPOsrrioN  of  the  Subterranean  Water  at  Corinth 

''File  principal  source  of  water  at  the  site  of  Corinth  is  the  re- 
nurkcible  sprin<<  known  as  the  Fountain  Peirene.    That  this 
>priiif(  was  also  the  principal  source  of  water  foi-  the  ancient  city 
s  eei^tain  from  an  abundance  of  arclueological  and  historical  evi- 
U'lict*.    Though  the  nature  of  the  rock  formation  in  the  neif»:h- 
borliood  indicates  that  a  natural  spring  existed  here  even  in  very 
remote  times,  the  rate  of  flow  of  this  original  spring  was  evi- 
dently much  increased  artificially  by  the  ancients  who  cut  large 
reservoirs  and  supply  tunnels  in  the  rock  so  that  the  subter- 
ranean water  from  a  considerable  space  in  the  high  ground  im- 
mediately above  the  city  was  collected  and  caused  to  flow  out  into 
convenient  draw  basins.   These  ancient  reservoirs  and  tunnels 
are  still  in  such  an  excellent  state  of  preservation  that  a  copious 
flow  of  water,  amounting  to  about  25,000  liters  an  hour  on  the 
average,  is  even  toda}  obtained  from  this  spring.   In  fact,  there 
seems  to  be  no  reason  for  believing  that  the  rate  of  flow  differs 
materiallv  now  from  what  it  was  in  ancient  times.    Nor  is  there 
any  reason,  fi'om  geologicjd  or  other  considerations,  for  believ- 
ing that  the  chemical  composition  of  the  water  dilTers  materially 
now  from  what  it  was  in  ancient  times,  or,  iiuleed,  from  what  it 
was  at  any  time  during  the  long  intervening  period.    The  com- 
position of  the  Avater  of  the  Fountain  Peirene  is  (obviously  rep- 
resentative of  the  composition  of  the  whole  body  of  subterranean 
water  above  the  ancient  site,  and  it  is  very  prol)ably  representa- 
tive also  of  the  composition  of  the  subterranean  water  of  the  site 
itself,  not  only  because  these  waters  are  in  the  same  small  locality 
in  adjacent  rock  strata  but  es]iecially  because  any  subterranean 
water  draining  into  the  site  of  the  ancient  city  must  necessarily 
come  from  the  high  ground  above  it.   The  present  chemical  com- 
position of  the  water  of  the  Fountain  Peirene  should  therefore 
be  representative  of  that  of  the  water  which  came  into  contact 
with  the  ancient  bronze  objects  now  found  at  Corinth.   No  direct 
sample  of  the  subterranean  water  of  the  site  could  be  taken  at 
the  time  of  this  investigation  because  of  dry  conditions.  How- 
ever, the  composition  of  the  water  of  the  spring  is  probably  more 
representative  of  tlie  general  composition  of  the  subterranean 
water  reaching  the  site  sporadically  or  otherwise  over  the  cen- 
turies than  is  the  composition  of  any  small  local  sample  of  sub- 
terranean water  taken  at  one  particular  time  at  the  site.  There- 
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fore,  a  complete  mineral  analysis  of  a  large  typical  sample  of  the 
water  of  the  spring  was  made  as  a  means  of  obtaining  the  de- 
sired information  about  the  normal  composition  of  this  subter- 
ranean water.   The  following  results  were  obtained : 


Amount  Present 
in  Parts  per  Million 
Ion  or  Compound  Present  (Milligrams  per  Liter) 

Calcium  (Ca**)    62 

Magnesium  (Mg**)   57 

Potassium  (K*)    48 

Sodium  (NaO    94 

Iron  (Pe**)    0.2 

Bicarbonate  (HCO,")    550 

Cliloride  (CI  )    106 

Sulfate  (SO,--)    48 

Diasolved  or  GoUoidal  SUiea  (SiO,)    63 

Nitrogen  Compounds  and  Organic  Matter   Present  but  not 

Estimated 

Total  Dissolved  Matter    1030 


These  results  show  this  water  to  be  essentially  a  solution  of 
the  bicarbonates,  chlorides,  and  sulfates  of  calcium,  magnesium, 
potassium,  and  sodium  containing  in  addition  considerable  dis- 
solved or  colloidal  silica  and  also  small  amounts  of  organic  sub- 
stances and  nitrogen  compounds  derived  from  these  substances. 
This  water  is  interesting  from  a  general  chemical  and  mineral- 
ogical  standpoint  not  only  because  these  dissolved  substances  as 
a  whole  are  present  in  very  high  concentration  but  because  cer- 
tain of  these  substances  are  present  in  unusually  high  concentra- 
tion. Most  interesting  and  significant  from  the  special  stand- 
point of  this  particular  investigation,  liowever,  is  the  unusually 
high  chloride  content  of  the  water.  This  chloride  content  is  en- 
tirely sufficient  to  account  for  the  formation  of  the  small  amounts 
of  basic  cupric  chloride  found  in  the  corrosion  products  of  the 
ancient  bronze  objects  from  Corinth.  It  also  helps  to  account  for 
the  degree  to  which  these  objects  are  corroded,  as  will  be  shown 
in  detail  shortly  from  both  an  experimental  and  theoretical  view- 
point. 

Since  there  are  no  salt  deposits  near  Corinth,  the  chloride  in 
this  spring  water  aiipaivntly  originated  from  salt  spray  whipped 
up  by  wind  from  the  near])y  Corinthian  Gulf,  or  from  the  not 
very  distant  Saronic  Gulf,  this  spray  l)eing  washed  directly  iiit(t 
the  ground  during  rainy  weather,  or  else  being  washed  down  by 
subsequent  rains  after  drying  on  the  surface  of  the  ground,  or 
after  drying  in  the  air  and  being  deposited  on  the  ground  as  a 
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cli->'  isalt  mixture.    That  sodium  chloride  is  transported  cousider- 
ii)>l('  distances  inhmd  from  bodies  of  salt  water  in  iust  such  wavs 
liM^^  in  fact  been  conclusively  demonstrated  bv  several  systematic 
iiix-f *stigations.    P]sj)ecially  ])ertinent  hei'e  is  the  investi«>ation 
t-<        lucted  continuously  over  a  two-vear  period  bv  Bordas  and 
13e>^femmes^  on  the  French  Mediterranean  coast  at  Cette  and 
at  xieighborin<j;  inland  localities.    These  investigators  analyzed 
samples  of  dry  surface  dust  and  of  rain  water  collected  at  diflfer- 
eTit  distances  from  the  sea  and  at  different  altitudes.  Consider- 
able sodium  chloride  was  found  in  dust  collected  10  kilometers 
inland  from  Cette,  and  salt  was  even  detected  in  dust  collected 
50  kilometers  from  the  sea.   Bain  water  collected  at  Vasquieres, 
35  kilometers  inland  from  Cette,  was  found  to  contain  on  the 
average  about  2.7  milligrams  of  sodium  chloride  per  liter,  or 
about  a  twentieth  of  that  contained  in  the  rain  water  at  Cette 
immediately  on  the  coast.   The  largest  quantities  of  sodium 
eliloride  were  found  after  a  severe  dust  storm  when  the  salt  de- 
posited on  the  surface  of  the  ground  amounted  to  as  much  as  8.4 
^rams  per  square  meter.    The  smallest  (piantities  were  found 
after  several  days  of  consecutive  rain,  obviously  because  salt  de- 
posited  on  the  gi'ound  as  dust  had  been  washed  into  the  ground 
or  had  been  removed  in  the  water  draining  otT  the  ground.  In 
general,  this  investigation  of  Bordas  and  Desfemmes  shows  tliat 
much  more  sodium  chloride  is  transported  inland  in  the  form  of 
dust  in  fair  weather  than  is  transported  in  rain  during  stormy 
weather.    It  would  appear  very  likely,  therefore,  that  sodium 
chloride  would  tend  to  be  deposited  on  the  surface  of  the  ground 
in  much  greater  amounts  at  a  comparatively  dry  locality  such  as 
Corinth  than  at  a  damp  locality  situated  a  similar  distance  from 
salt  water.   It  also  follows  that  rain  falling  on  the  site  of  ancient 
Corinth  after  a  prolonged  dry  spell,  on  seeping  into  the  ground, 
probably  brought  water  containing  much  chloride  into  contact 
with  the  buried  bronze  objects,  the  action  of  such  water  in  fur- 
thering the  corrosion  of  these  objects  being  supplementary  to, 
perhaps  often  independent  of,  that  of  the  subterranean  water 
draining  down  into  the  site  from  higher  ground. 

The  abnormally  high  silica  content  of  this  spring  water  is  also 
significant  from  the  stand] )oint  of  the  present  investigation. 
This  silica  content  is  entirely  sufficient  to  account  for  the 

*Compt,  rend.,  185,  603-605  (1927). 
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amounts  of  silit-a  found  in  tlie  cori'oslo]]  products  of  the  ancient 
bronze  objects.  Possibly  silica  is  often  deposited  l>y  subter- 
ranean water  within  the  corrosion  products  or  patina  of  burieii 
bronze.  This  would  explain  the  unusual  hardness  of  some 
bronze  patinas,  a  hardness  that  is  not  easily  explicable  from  the 
moderate  hardness  of  the  copper  minerals  that  are  the  prin- 
cipal components  of  such  patinas.  This  is  a  subject  that  could 
well  be  investigated  further. 

Experimental  Corrosion  op  Corinthian  Bronze 

In  order  to  show  by  direct  expei'iment  that  water  containing' 
chloride  ion  was  in  part  res|)onsible  foi"  the  poor  state  of  presor- 
vation  of  Coi-inthian  l)ronze  objects,  and  in  order  to  detei-mine 
what  ])roducts  were  formed  ])v  the  action  of  such  water  on 
rinthian  bronze  under  various  conditions,  a  number  of  experi- 
ments were  performed  on  the  action  of  dilute  sodium  chloride 
solutions  on  a  clean  sample  of  this  bronze.    The  sample  used  in 
the  experiments  was  a  selected  part  of  the  metallic  core  of  the 
strigil  handle  before  described.    Though  this  bronze  sample  was 
definitely  corroded  by  a  sodium  chloride  solution  having  the  same 
chloride-ion  concentration  as  that  of  the  water  of  the  Fountain 
Peirene,  and  though  the  apparent  effects  of  this  corrosive  action 
were  exactly  analogous  to  those  caused  by  more  concentrated 
solutions  of  sodium  chloride,  the  rate  of  corrosion  by  this  solu- 
tion was  too  slow  for  convenient  experimental  purposes,  espe- 
cially since  the  amounts  of  corrosion  products  formed  in  a  rea- 
sonable time  were  too  small  for  certain  identification.  However, 
it  was  found  that  a  one-tenth  of  one  per  cent  solution  of  sodium 
chloride,  a  solution  only  al)out  six  times  more  concentrated  in 
chloride  ion  than  the  water  of  this  spring,  did  corrode  the  bronze 
sufficiently  rapidly  and  did  yield  sufficient  coi-rosion  products  in 
a  reasonably  slioi-t  time.    The  following  experiments  illustrate 
the  most  significant  results  obtained  in  the  various  experiments 
with  this  solution. 

Experiment  I 

The  clean  bright  sample  of  bronze  was  alternately  dipped 
into  the  sodium  chloride  solution  and  exposed  to  air  several  times 
a  minute  by  means  of  a  mechanical  contrivance.  Signs  of  ac- 
tive corrosion  were  apparent  in  less  than  an  hour.   In  a  few 
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ionrs  the  surface  of  the  metal  was  completely  covered  with  an 
acilierent  red  corrosion  product.  The  solution  remained  clear, 
rixis  Ted  corrosion  product  was  mostly  cuprous  oxide,  but  it  con- 
tstixxed  an  insoluble  tin  compound,  and  may  have  contained  me- 
tallic copper.  Both  copper  and  tin  were  present  in  the  clear 
solntion. 

Experiment  II 

The  cleaned  bronze  sample  was  placed  in  a  bottle  partly  filled 
witli  the  solution,  and  the  bottle  was  then  stoppered.  Within  a 
few  hours  signs  of  active  corrosion  were  apparent.  At  the  end 
o"f  24  hours  the  metal  was  covered  with  a  loose  red  corrosion 

product.    A  white  corrosion  product  was  present  as  a  fine  sus- 
pension ill  the  solution  around  the  bronze  sample,  and  as  a  fine 
XJ^>wder  on  the  bottom  of  the  bottle  immediately  around  the 
sample.    The  red  corrosion  product  appeared  to  luive  the  same 
composition  as  that  obtained  in  the  first  experiment.    The  white 
X>r()dnct  was  mostly  cuprous  cliloride,  but  it  also  contained  an 
insoluble  tin  compound.   Again  both  copper  and  tin  were  pres- 
ent in  the  solution. 

Experiment  III 

The  cleaned  bronze  sample  was  placed  in  a  bottle  completely 
£lled  with  the  solution  from  which  dissolved  air  had  been  previ- 
ously i-emoved  by  boiling.  The  bottle  was  then  tightly  stop- 
pered. Again  signs  of  active  corrosion  were  apparent  in  a  few 
hours.  At  the  end  of  24  hours  a  very  small  amount  of  the  red 
corrosion  product  was  present  on  the  surface  of  the  metal,  and 
a  very  small  amount  of  the  white  corrosion  product  was  present 
as  a  suspension  in  the  solution  around  the  sample.  No  further 
corrosive  action  was  evident  after  continuing  the  experiment  for 
a  number  of  days.  The  amounts  of  corrosion  products  obtained 
w^ere  too  small  for  certain  analytical  identification,  but  they  ap- 
peared to  be  the  same  as  those  produced  in  the  preceding  ex- 
periment. 


Continued  corrosion  of  the  bronze  sample  under  the  condi- 
tions of  the  second  experiment  for  a  number  of  days  was  found 
to  result  in  the  formation  of  small  amounts  of  basic  cupric  chlo- 
ride in  addition  to  cuprous  oxide  and  cuprous  chloride.   In  none 
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of  the  experiments  were  corrosion  products  of  metals  other  thac 
tin  and  copper  detected,  probably  because  the  amounts  of  snd 
products  formed  in  the  comparatively  short  time  allowed  for 
even  the  longest  experiment  were  too  small  to  be  detected  by  the 
analytical  methods  used. 

These  experiments  clearly  demonstrate  how  readily  Cora- 
thian  bronze  is  corroded  by  very  dilute  sodium  chloride  soh- 
tions.   The  experiments  are  of  additional  significance  because 
they  show  that  the  copper  corrosion  products  experimentally 
produced  by  the  action  of  very  dilute  sodium  chloride  solntioikt 
on  Corinthian  bronze  are,  in  part  at  least,  identical  with  those 
actually  found  on  the  ancient  corroded  bronze.    It  m  l m-  par- 
ticularly significant  that  cuprous  oxide,  the  principal  Lompountl 
found  in  the  corrosion  products  of  the  ancient  bronze,  may  nl<<' 
be  i)r()duced,  under  certain  experimental  conditions,  as  tbe  j)rijj- 
cipal  compound  resulting  from  the  corrosive  action  of  very  dihite 
sodium  chloride  solutions.    Moreover,  basic  cupric  chloride, 
which  occurs  in  small  proportion  in  the  corrosion  products  of 
Corinthian  bronze  objects,  may  also  lie  produced  experimentally 
in  similar  small  proportion.    On  the  other  hand,  cuprous  chlo- 
ride, which  does  not  occur  in  any  noticeable  proportion  among 
the  corrosion  products  of  the  ancient  objects,  may  be  readily 
produced  under  certain  experimental  conditions  as  the  principal 
corrosion  product.   But  this  sharp  difference  in  the  nature  of 
the  experimental  and  natural  corrosion  products  may  be  easily 
explained.   In  the  first  place,  the  natural  corrosion  of  the  bronze 
may  have  occurred  in  the  presence  of  an  abundant  supply  of 
oxygen,  as  by  the  alternate  action  of  air  and  water,  a  condition 
simulated  in  the  first  of  the  experiments  described,  so  that  cu- 
prous chloride  was  not  formed  as  a  natural  corrosion  product, 
except  perhaps  momentarily.    ^loreover,  cuprous  chloride  is 
such  an  unstable  comy)oun(l  in  the  presence  of  oxygen  and  mois- 
ture that  even  if  it  had  boon  formed  originally  in  (juantity  as  tho 
result  of  corrosion  l)y  slightly  saline  water  in  the  absence  of  a 
free  supply  of  oxygon,  it  would  have  been  largely  or  entirely 
transformed  during  the  centuries  of  burial  when  oxygen  and 
moisture  were  undoubtedly  present  in  sufficient  amount  at  many 
times.   Even  if  small  amounts  of  cuprous  chloride  had  been 
present,  as  a  result  of  recent  corrosive  action,  in  the  corrosion 
products  of  the  objects  at  the  time  of  their  excavation,  it  is  un- 
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ikely  that  this  compound  would  have  remained  unaltered  during: 
he  several  years  that  elapsed  between  the  time  at  which  most  of 
hese  objects  were  taken  from  the  ground  and  the  time  at  whic}i 
;liey  were  subjected  to  chemical  analysis.    An  apparent  excep- 
Lion  to  this  general  absence  of  cuprous  chloride  in  the  corrosion 
prod.ucts  of  these  ancient  objects  was  found,  how^ever,  during  the 
coTiirse  of  a  systematic  microscopic  examination  of  a  freshly  cut 
section  of  the  strigil  handle.   The  evidence  for  the  presence  of 
cuprous  chloride  in  this  object  is  given  in  the  next  part  of  this 
paper  where  the  microscopic  structure  of  this  object  is  de- 
scribed in  detail.   The  essential  identity  of  the  copper  corrosion 
products  of  ancient  Corinthian  bronze  with  those  experimentally 
produced  by  the  action  of  very  dilute  chloride  solutions  appears 
to  indicate,  therefore,  that  these  natural  corrosion  products  were 
also  formed  by  the  action  of  w^ater  containing  chloride. 

From  the  composition  of  the  subterranean  water  at  Corinth, 
the  residts  of  the  experiments,  and  the  nature  of  the  corrosion 
products,  it  may  be  safely  concluded  that  the  present  ])0()r  state 
of  preservation  of  the  bronze  ol\iects  found  at  Corinth  is  not  to 
be  ascribed  wholly  to  the  composition  of  the  bronze,  but  is  to  be 
ascribed  also  to  the  peculiar  ground  conditions  at  that  site.  In- 
deed, since  bronzes  of  the  same  composition  as  those  of  Corinth 
have  been  found  in  good  condition  at  some  sites,  these  ground 
conditions  may  well  have  been  a  much  more  important  cause  of 
corrosion  than  the  composition  of  the  metal.    The  two  causes 
acting  together  certainly  account  adequately  for  the  poor  state 
of  preservation  of  the  bronze  objects  now  found  at  Corinth. 

Microscopic  Examination  of  the  Metallic  Core  and  Patina 
OP  A  Corroded  Corinthian  Bronze  Object 

Tn  order  to  see  in  detail  what  physical  chan^»es  occur  in  the 
structure  of  Corinthian  bronze  as  a  consequence  of  the  long  con- 
tinued corrosive  action  of  the  local  water,  and  in  order  to  in- 
vestigate further  the  nature  of  the  corrosion  products  of  this 
bronze  w^ith  the  end  in  view  of  obtaining  more  information  about 
the  chemical  changes  involved  in  the  formation  of  these  products, 
one  of  the  specimens  of  corroded  bronze  was  subjected  to  a 
thorough  microscopic  examination.'   The  specimen  selected  for 

8  Nearly  all  the  experimental  work  de«?ribed  in  this  section  of  the  paper  was 
performed  by  Mr.  C.  R.  Stevens,  a  former  student  in  chemistry  at  Princeton  Univer- 
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this  examination  was  part  of  the  strigil  handle  described  prer. 
ously.  Because  of  the  deep  but  still  incomplete  corrosion  of  lU- 
bronze  handle,  the  hardness  and  soliditv  of  the  lavers  of  e«»r 
rosion  jjroducts,  and  the  presence  of  a  sharp  transition  zoue  1*^- 
tween  these  corrosion  products  and  the  metallic  core,  this  jiar- 
ticular  object  was  almost  ideal  for  the  purpose.  The  section 
the  strigil  handle  selected  for  examination  was  taken  from  Jietii 
the  end  where  the  blade  had  been  attached.  At  the  blade  end 
this  selected  section  the  metallic  core  was  much  thinner  and  th- 
layer  of  corrosion  products  much  thicker  than  at  the  other  ent 
where  the  core  and  the  layer  of  corrosion  products  were  of  thr 
same  thickness  as  in  the  remainder  of  the  handle.  Consequently, 
one  end  of  the  section  represented  a  more  advanced  stage  of  cor- 
rosion than  the  other,  and  by  examining  each  end  separately  thf 
effects  connected  with  two  successive  stages  in  the  progress 
the  corrosion  could  be  separately  studied. 

In  order  to  handle  the  specimen  conveniently,  both  in  prt- 
paring  it  for  examination  and  in  examining  it  with  the  metall»- 
graphic  microscope,  it  was  mounted  lengthwise  within  a  small 
brass  cylinder  by  means  of  an  alloy  of  low  melting  point.  Thij> 
method  of  mounting  was  found  to  be  especially  satisfactory  for 
a  specimen  of  this  nature  since  it  was  so  firmly  held  in  the  im- 
bedding medium  that  no  flakes  of  the  brittle  corrosion  products 
were  detached  on  grinding  or  polishing  as  they  undoubtedly 
would  have  been  if  the  specimen  had  been  ground  and  polished 
by  itself.   The  imbedded  specimen,  the  imbedding  medium,  ann 
the  brass  cylinder  were  filed  and  ground  down  at  a  right  an^le  t'- 
the  axis  of  the  cylinder  so  as  to  form  smooth  plane  surfaces  at 
each  end,  in  the  middle  of  which  were  complete  cross  sections  of 
the  metallic  core  and  its  surrounding  layer  of  corrosion  product. 
The  grinding  was  performed  by  rubbing  the  mounted  specimiiJ 
on  emery  papers  of  successive  degrees  of  fineness  fastened  t*> 
smooth  wooden  blocks.    After  the  end  surfaces  of  the  imlxMldevi 
specimen  and  its  mount  had  been  smoothly  ground  they  were 
highly  polished  with  levigated  alumina  of  three  successive  graiies 
of  fineness  by  rubbing  these  surfaces  on  moist  cloths  impreg- 
nated with  this  polishing  powder  and  stretched  on  smooth 

aity,  as  part  of  a  senior  thesis  on  the  metallography  of  ancient  bronie.    Many  of  tbe 

interpretations  given  here  of  this  oxpcrinipntal  work  are  also  to  ho  creditf^d  <n  hirr 
Tlio  author  is  especially  indehto'l  to  Mr.  Stovons  for  his  caro  and  skill  in  preparinf 
the  excellent  photomicrographs  whicli  are  reproduced  on  the  plates. 
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wooden  blocks.   In  accordance  with  the  kind  of  microstructure 
to  be  revealed,  the  polished  surfaces  of  the  specimen  were  then 
otched  with  some  one  of  the  reagents  commonly  used  in  treating 
l>roiize  for  metallographic  examination.   Of  these  various  re- 
agents a  ten  per  cent  solution  of  ammonium  persulfate  was 
:found  to  be  the  most  ^^eiierally  useful.    The  process  of  polish- 
ing; and  the  process  oi'  t-U'liin*?  usually  had  to  be  repeated  a  few 
times  for  each  different  part  of  the  specimen  being  examined 
Ijefore  entirely  satisfactory  views  of  the  local  microstructure 
were  obtained  since  the  choice  of  reag'ent  and  the  method  of  us- 
it  had  to  be  experimentally  determined  for  nearly  each  dif- 
ferent part  of  the  heterogeneous  s])ecimen.    Photographs  were 
taken  of  the  most  interesting  and  significant  structures  seen 
under  the  microscope,  some  fifty  photomicrographs  being  taken 
in  all.   Of  these  numerous  photomicrographs,  ten  representative 
ones  are  reproduced  on  the  plates. 

The  upper  figure  of  PL  I  is  a  view  of  the  best  preserved  part 
of  the  metallic  core  of  this  section  of  the  strigil  handle.  From 
this  figure  it  will  be  seen  that  the  physical  structure  of  the  uncor- 
roded  metal  of  this  object  consists  for  the  most  part  of  homogen- 
ized and  twinned  crystals  or  grains  of  variable  but  generally 
small  size.   No  dendritic  crystals  are  to  be  seen.   This  type  of 
structure  indicates  that  the  object  was  fabricated  by  some  me- 
chanical means,  not  by  casting.   Very  likely  it  was  formed  by 
hammering,  the  handle  and  the  blade  of  the  strigil  probably 
being  hammered  out  from  a  single  piece  of  bronze  of  suitable 
size.    The  considerable  variation  in  the  size  of  the  metal  grains, 
the  presence  of  annealing  bands  on  the  faces  of  many  of  these 
grains,  as  well  as  the  chemical  com[)osition  of  tlie  metal  as  de- 
termined by  analysis,  show  beyond  a  doubt  that  this  object  was 
subjected  to  elevated  temperatures  in  the  course  of  its  fabrica- 
tion.   Since  the  bronze  contained  nearly  14  per  cent  tin,  the  use 
of  elevated  temperatures  in  forging  the  metal  was  almost  neces- 
sary because  bronze  containing  such  a  high  proportion  of  tin  is 
too  hard  ,  stiff,  and  brittle  to  be  shaped  readily  by  hammering  it 
while  it  is  cold.   In  fact,  bronze  of  this  composition  cannot  be 
successfully  forged  at  temperature  below  590°  C.  unless  it  has 
been  given  a  special  annealing  treatment  beforehand.   By  care- 
fully annealing  it  for  a  long  time  or  by  heating  it  to  above  650°  C. 
and  quenching  it,  such  bronze  may  be  worked  while  it  is  cold  but 
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this  is  a  more  troublesome  process  tliau  hot  forging.  It  seem> 
likely  that  the  simpler  process  would  have  been  the  one  followed 
by  the  ancient  metallurgists  at  Corinth,  though  from  the  appear- 
ance of  the  microstructure  the  use  of  the. other  is  by  no  mean? 
excluded.  The  presence  of  more  than  one  system  of  annealing 
bands  on  some  of  the  grains  seems  to  indicate  that  the  ohject  wa> 
repeatedly  heated  and  hammered  in  the  course  of  its  f  abricatioit 
Probably  the  metal  was  heated  to  a  bright  red  heat,  hammered 
until  it  was  too  cold  to  be  shaped  readily,  then  heated  a<::ain  ti»  a 
bright  red  heat  and  again  hammered,  the  alternate  heatings  and 
hammerings  l)eing  repeated  until  the  object  liad  the  desinni 
shape.  The  numerous  slip  lines  to  be  seen  on  some  of  the  grains 
do  indicate,  however,  that  the  metal  was  worked  to  some  extent 
while  it  was  at  much  lower  temperatures  than  those  suitable  for 
hot  forging.  On  a  few  grains  more  than  one  system  of  slip  line* 
are  visible.  The  presence  of  these  is  not  clearly  shown  in  this 
top  figure  of  PL  I,  but  it  is  very  clearly  shown  in  the  bottom  fig- 
ure of  PI.  I  where  the  magnification  is  much  higher.  Possibly 
the  occurrence  of  these  slip  lines  only  indicates  that  the  object 
had  accidentally  cooled  down  below  the  proper  forging  tempera- 
tures while  it  was  receiving  its  final  shaping,  or  the  occurrence 
of  these  lines  may  indicate  that  the  object  was  deliberately  ham- 
mered at  lower  temperatures  after  it  had  been  shaped.  The 
effect  of  such  hammering  would  be  to  impart  additional  hardness? 
and  stiffness  to  the  thin  blade  and  handle,  and  in  view  of  the  na- 
ture of  the  ol)ject  this  may  well  have  been  done  intentionally. 
On  the  other  hand,  the  presence  of  tlicse  lines  may  indicate  that 
the  object  was  shaped  to  some  extent  by  cold  working  after  being 
quenched  from  a  sufficiently  high  temperature.  Possibly  this 
was  done  only  in  the  last  stages  of  manufacture  when  the  thin 
object  may  have  cooled  off  too  rapidly  for  convenient  forging  at 
a  high  temperature.  Whatever  may  be  the  exact  significance  of 
the  presence  of  these  slip  lines,  it  seems  certain  that  the  metal 
was  worked  to  some  extent  at  relatively  low  temperatures,  even 
though  most  of  the  process  of  manufacture  was  performed  at 
elevated  temperatures.  The  microstructure  of  the  metal  there- 
fore yields  consideral)le  inff)rmation  about  the  method  employed 
in  fabricating  this  ])articular  object.  As  will  aj)pear  shortly, 
some  of  this  information  about  the  method  of  manufacture  is  of 
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value  for  explaining  the  peculiar  pattern  of  the  corrosion  within 
t  lie  body  of  the  metal. 

The  top  fignre  of  PI.  I  sliows  also  that  some  corroded  metal  is 
I  irosent  even  within  the  best  preserved  part  of  the  metallic  core 
<  >f  this  object.    In  the  photomicrograph  the  corroded  metal  ap- 
Ijear.s  as  irregrdar  black  spots  and  as  heavy  black  ii-regnlar  lines. 
Tt  will  be  observed  that  a  few  of  the  metal  grains  have  been  com- 
pletely corroded,  and  that  considerable  intergranular  corrosion 
lias  occurred,  in  a  few  places  to  such  an  extent  that  grains  of 
metal  are  completely  surrounded  by  corrosion  products.    A  more 
liighly  magnified  view  of  the  corroded  metal  in  this  part  of  the 
core  is  shown  in  the  lower  figure  of  PL  I.   In  the  top  figure  of 
PL  II  is  shown  at  the  same  high  magnification  a  few  grains  of 
metal  completely  surrounded  by  intergranular  corrosion  prod- 
ucts.  The  view  in  the  photomicrograph  is,  of  course,  only  a 
cross  section.   In  the  solid  mass  of  the  metal  such  grains  are 
probably  enclosed  in  thin  shells  of  corrosion  products.   This  ex- 
istence of  highly  corroded  metal  in  the  mass  of  largely  uncor- 
rodod  metal  is  of  importance  as  showing  that  the  corrosion  of  the 
metal  object  did  uoi  i)roceed  uniformly  inward  from  its  surface. 
Instead,  the  con-osion  evidently  progressed  in  a  very  irregular 
manner  down  along  the  boundaries  of  the  grains,  such  inter- 
.i»:ranular  corrosion  being  always  far  in  advance  of  the  general 
corrosion  of  the  metal.    This  seems  to  imy)ly  that  in  the  initial 
stage  of  corrosion  much  of  the  outside  surface  of  the  object  re- 
mained relatively  unaltered  while  in  some  places  the  corrosion 
along  grain  boundaries  extended  a  considerable  distance  below 
the  surface. 

The  lower  figure  of  PI.  II  sliows  an  advanced  stage  in  the  cor- 
rosion of  grains  of  metal.  This  view  was  taken  near  the  edge 
of  the  metallic  core.  Here  corrosion  is  not  confined  to  tlie 
boundaries  but  has  progressed  toward  the  center  of  each  of  the 
grains.  It  will  be  noted  that  some  of  the  grains  appear  to  be 
completely  corroded,  others  nearly  so,  and  still  others  only  to  a 
small  extent.  These  differences  are  probably  not  so  great  as 
they  seem  because  the  view  in  the  photomicrograph  is  that  of  a 
cross  section  in  which  the  grains,  or  the  corroded  remains  of 
grains,  have  been  cut  through  at  various  distances  from  their 
centers.  Considerable  differences  in  the  extent  of  the  corrosion 
of  the  grains  undoubtedly  exist,  however,  because  of  the  widely 
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different  original  sizes  of  these  grains.  If  the  corrosion  of  the 
grains  beginning  at  their  boundaries  is  assumed  to  have  taken 
place  toward  their  centers  at  a  more  or  less  uniform  rate,  and 
this  assumption  is  a  reasonable  one,  then  the  corrosion  of  s^mall 
grains  would  be  complete  before  the  corrosion  of  large  grain* 
had  advanced  very  far.  It  is  verv  interestinjir  to  see  that  the 
positions  of  the  original  boundaries  of  the  metal  grains  are  very 
clearly  marked  l)y  the  dark  appearance  of  the  shells  of  corrosion 
products  first  formed  in  the  grain  boundaries.  The  sizes  and 
shapes  of  the  original  grains  of  metal  may  thus  be  easily  dis- 
cerned in  spite  of  their  extensive  destruction  through  corrosion. 

From  what  has  now  been  shown  about  the  way  in  which  this 
bronze  corroded,  it  is.  clear  that  an  intergranular  corrosion  of 
the  metal  preceded  its  general  corrosion.  In  other  words,  cor- 
rosion began  at  the  boundaries  of  sound  grains  of  metal  and 
progressively  advanced  into  these  grains  from  all  directions  so 
that  they  became  more  and  more  corroded.  This  process  finaUy 
resulted  in  the  complete  corrosion  of  the  metal. 

That  this  progressive  corrosion  of  the  grains  of  the  bronze 
did  not  proceed  uniformly  throughout  the  body  of  the  metal,  nor 
uniformly  downward  from  its  surface,  is  shown  in  the  top  figure 
of  PI.  Ill,  which  is  a  view  at  low  magnification  of  the  general 
pattern  of  the  intergranular  and  grainilar  corrosion  within  the 
metallic  core  of  the  object.  The  places  where  the  metal  has  been 
extensively  corroded  show  up  as  dark  markings  or  streaks,  the 
])laces  where  it  has  been  but  slightly  cori-oded  as  light  markings 
or  streaks.  On  the  plane  surface  of  the  metal  seen  in  the  photo- 
micrograph the  corroded  metal  appears  to  be  in  the  form  of  thin 
broken  ])auds  which  alternate  with  similar  bands  of  uncorroded 
metal.  A  more  highly  magnified  view  of  this  apparently  banded 
structure  is  shown  in  the  bottom  figure  of  PI.  III.  Since  these 
alternate  bands  were  found  still  to  persist  in  the  same  relative 
positions  when  the  metal  surface  was  gpround  down  further  to 
show  other  cross  sections,  it  is  clear  that  the  uncorroded  and  cor- 
roded metal  in  the  object  really  exist  in  alternate  layers.  More- 
over, there  are  two  systems  of  these  alternate  layers,  and  they 
cross  each  other.  This  is  very  clearly  shown  at  the  left  of  the 
to])  figure  of  PI.  V,  where  the  metal  near  the  patina  is  to  be  seen 
in  cross  section  at  low  magnification.  Since  all  these  views  are 
of  cross  sections  perpendicular  to  the  axis  of  the  object,  the  alter- 
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njite  layers  of  corroded  and  uucurroded  metal  are  evidently 
i>i^i.rallel  to  this  axis.    They  are  not,  liowever,  parallel  to  the 
5s idles  of  the  ol)ject.    This  occur rence  of  alternate  hiyers  of  un- 
eoi-roded  and  corroded  metal  in  the  core  of  this  object  a])pear8 
to  constitute  a  type  of  microsti'uclure  that  lias  nevei-  been  ob- 
.sei'ved  before  in  ancient  coi  ioded  bronze.    The  corrosion  of  the 
l^i'onze  throughout  numerous  thin  layers  in  advance  of  its  gen- 
eral corrosion  is  probably  s^n  indication  of  the  existence  of  some 
corresponding  layer-like  heterogeneity  in  the  metal  before  cor- 
Tosion  started.    This  heterogeneity  may  have  consisted  of  layers 
of  non-metallic  impurities  between  layers  of  metal  free  from  such 
impurities,  of  alternate  layers  of  metal  containing  different  pro- 
portions of  these  impurities,  or  of  alternate  layers  of  metal  con- 
taining different  proportions  of  tin  and  copper  with  or  without 
difTerences  in  the  distribution  of  impurities.   Such  layers  might 
conceivably  have  been  formed  in  the  process  of  hanmiering  out  a 
piece  of  metal  which  contained  numerous  segregations  consisting 
of  non-metallic  impurities  or  of  crystals  of  some  particular  alloy 
Y^hase,  segregations  such  as  often  occur  in  a  regular  pattern  in 
ancient  cast  bronze  of  coarse  dendritic  structure.    That  bronze 
of  this  sort  was  taken  for  the  fashioning  of  this  strigil  handle 
.^eems  likely.    The  occurrence  of  two  systems  of  corroded  layers 
crossing  each  other  may  have  arisen  from  the  squeezing  out  of 
segregated  material  in  two  directions  by  hammering  the  two 
pairs  of  faces  of  a  bar.    The  squeezing  out  of  segregated  non- 
metallic  impurities  into  layers  l)y  hammering  seems  rather  less 
likely  to  have  occurred  than  the  sqneezing  out  of  a  particular 
segregated  metal  phase  into  layers  by  this  mechanical  means  be- 
cause of  the  greater  plasticity  of  the  segregated  metal,  especially 
at  high  temperatures.   That  such  a  segregated  metal  phase  was 
present  in  the  original  piece  of  bronze  from  which  this  handle 
was  fashioned  is  almost  certain  because  of  the  high  tin  content 
of  the  alloy.   In  the  cast  condition  an  alloy  of  this  high  tin  con- 
tent almost  invariably  contains  considerable  delta  bronze  dis- 
tributed through  the  alpha  bronze  solid  solution  which  consti- 
tutes most  of  the  alloy.    Since  these  two  different  phases  have 
widely  dit^'erent  meclianical  properties  at  all  temperatures  it 
seems  i-ather  likely  that  they  could  have  been  squeezed  out  into 
separate  alternate  layers  by  the  hammering  process  to  which  the 
bronze  object  was  subjected  in  its  manufacture.    It  is  even  more 
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likoly  that  the  segregatfd  delta  bronze  was  jji-eseiit  in  the  oa>t 
alloy  in  the  form  of  a  network  between  the  dendrites  of  the  othf r 
phase,  and  that  the  processes  of  annealing  and  hammering  to 
which  the  object  was  subjected  merely  resulted  in  the  thinnine 
out  and  the  spreading  of  this  network  into  these  layers.  Re- 
gardless of  whether  the  heterogeneity  of  the  bronze  was  due  to 
the  presence  of  alternate  layers  of  metal  of  different  compo- 
sition, to  the  presence  of  impurities  distributed  in  layers,  or  tu 
a  combination  of  both,  the  two  sets  of  different  layers  would  be 
acted  upon  in  an  entirely  different  way  by  water  acting  as  as 
agent  of  corrosion,  which  under  these  conditions  would  take 
place  by  electrolytic  action.  The  less  noble  layers  in  an  electro 
chemical  sense  would  be  attacked  first,  whereas  the  more  noble 
layers  would  not  then  be  attacked.  Corrosion  of  the  more  noble 
layers  would  not  even  start  until  all  the  other  layers  in  a  given 
local  region  had  been  almost  or  completely  corroded.  The  aj:*- 
pearance  of  the  microstructure  at  ditterent  stages  of  corrosioD 
appears  to  show  that  the  two  sets  of  layers  were  corroded  one 
after  the  other  in  just  this  way. 

The  views  shown  in  PL  IV  are  of  the  metal  in  two  verv  ad- 
vanced  stages  of  general  corrosion  at  the  edge  of  the  core.  In 
the  top  figure  considerable  renmants  of  the  more  resistant  cross 
layers  of  the  metal  are  still  to  be  seen.  In  the  lower  figure,  which 
is  a  view  of  a  place  where  corrosion  has  proceeded  further,  these 
remnants  of  the  cross  layers  have  largely  disappeared.  In  all 
such  places  at  the  edge  of  the  core  where  the  corrosion  of  the 
metal  has  become  general,  the  microstructure  is  very  confused. 
Though  i)arts  of  grains  of  metal  are  still  present,  and  the  com- 
pletely corroded  remains  of  more  grains  may  be  readily  di>- 
cerned,  much  of  the  original  grain  structure  has  disappeared. 
In  the  places  where  the  grain  structure  has  disappeared,  very 
irregular  and  heterogeneous  masses  of  corrosion  jirodncts  are 
present.  As  seen  under  flic  microscope  the  color  of  the  inter- 
granular  corrosion  products  in  the  less  corroded  parts  of  the 
metalUc  core  was  almost  invariably  dark,  often  brownish  Or  red- 
dish, an  indication  that  cuprous  oxide  was  the  predominant  com- 
pound in  these  products,  but  the  color  of  some  of  the  corrosion 
products  in  the  more  corroded  parts,  such  as  those  pictured  in 
PI.  rV,  was  light,  often  whitish  or  greyish,  an  indication  that 
stannic  oxide  was  the  predominant  compound.   It  seems  likely, 
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from  the  color  of  some  of  these  products,  that  basic  cupric 
chloride  was  also  present.  However,  cuprous  oxide  was  still  the 
most  abundant  single  corrosion  product  in  these  more  corroded 
parts  of  the  core. 

The  top  figure  of  PI.  V  is  a  view  in  cross  section  at  low 
mag^nification  of  one  side  of  the  metallic  core,  most  of  the  patina 
on  this  side,  and  of  a  transition  layer  between  the  core  and 
the  patina.    In  the  photomicrograph  the  metallic  core  is  at  the 
left  and  the  patina  at  the  right.    The  transition  layer  shown  in 
this  photomicrograph  was  not  present  everywhere  between  the 
core  and  the  patina  proper.    It  appeared  to  consist  of  a  dense 
layer  of  corrosion  products  which  had  no  discernible  structure, 
and  it  was  so  soft  that  it  could  be  extruded  by  the  application  of 
moderate  pressure  when  the  specimen  was  clam])ed  in  a  vise. 
When  the  surface  of  the  polished  specimen  was  exposed  for  some 
time  to  moist  air  a  thin  line  of  characteristic  bright  green  basic 
cupric  chloride  formed  along  the  line  of  this  transition  layer,  a 
phenomenon  which  was  taken  as  an  indication  of  the  presence  of 
cuprous  chloride  among  the  corrosion  products  in  this  layer. 
The  presence  of  a  considerable  proportion  of  cuprous  chloride 
in  these  corrosion  products  would  provide  a  likely  explanation 
for  their  observed  softness. 

The  color  and  structure  of  the  patina  proper  as  seen  in  cross 
section  under  the  microscope  varied  much  according  to  the  light 
by  which  it  was  viewed  and  distance  from  the  metallic  core.  In 
general,  the  patina  in  diffused  light  had  the  dark  purplish-red 
color  characteristic  of  cuprite,  but  the  outermost  layers,  and  those 
next  to  the  metallic  core  or  the  transition  layer,  were  much 
darker  in  color  than  the  intermediate  lavers.    Some  of  the  inter- 

« 

mediate  layers  were  of  a  bright  red  color.  All  these  differences 
in  color  are  probably  due  to  differences  in  the  physical  state  of 
the  cuprite,  especially  its  degree  of  subdivision,  though  they  may 
be  due  also  to  differences  in  the  degree  to  wiiich  the  cuprite  was 
contamined  with  other  corrosion  products.  Many  specks  of 
w^hite  and  greenish-blue  corrosion  products  were  seen  to  be  dis- 
tributed throughout  the  generally  dark  mass  of  the  patina. 
That  the  white  specks  were  composed  of  stannic  oxide  seems 
likely,  and  it  also  seems  likely  that  the  greenish-blue  specks  were 
composed  of  basic  cupric  chloride  or  of  a  mixture  containing  a 
considerable  proportion  of  basic  cupric  chloride.   In  its  general 
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structure  the  patina  was  made  up  of  a  large  number  of  successive 
irregular  layers,  and  the  general  direction  of  these  was  every- 
where parallel  to  the  surface  of  the  object.  Some  of  these  layers 
were  continuous,  but  a  large  proportion  were  not,  and  they 
varied  considerably  in  thickness.  This  stratified  structure  is 
much  better  shown  in  the  lower  figure  of  PI.  V  than  in  the  upper 
figure.  What  seem  to  be  layers  of  light-colored  corrosion  prod- 
ucts in  this  lower  photomicrograph  are,  for  the  most  part,  really 
empty  places  between  the  layers  of  cuprite  or  the  layers  com- 
posed largely  of  cuprite.  Such  gaps  between  the  layers  of  the 
patina  were  not  infrequent.  It  is  important  to  observe  that 
these  layers  of  corrosion  products  in  the  patina  lie  in  a  cliffereiit 
direction  from  the  layers  of  corroded  and  uncorroded  metal  in 
the  core.  By  reason  of  this  fact  no  relationship  appears  to 
exist  between  the  layer-like  structure  in  the  patina  and  the  layer- 
like structure  in  the  partly  corroded  metal. 

Apparently  the  only  other  corroded  Corinthian  bronze  object 
ever  examined  microscopically  was  a  coin  of  the  First  Century 
A.D.  This  object  also  was  examined  by  Mr.  C.  R.  Stevens,  who 
studied  the  microstructure  of  the  corroded  parts  of  the  bronze  in 
some  detail.  Two  views  of  this  microstructure  have  already 
been  published  and  briefly  described."  The  microstructure  of 
the  corroded  metal  of  this  coin  was  similar  in  some  ways  to  the 
microstructure  of  the  corroded  metal  of  the  strigil  handle.  Con- 
siderable intergranular  corrosion  also  had  taken  place  in  the 
metal  of  the  coin  with  subsequent  progressive  corrosion  of  the 
grains  of  the  metal.  On  the  other  hand,  some  direct  corrosion 
of  the  grains  without  previous  inlergramilar  corrosion,  an  elTeet 
not  observed  in  the  strigil  handle,  had  evidently  occurred  in  the 
metal  of  the  coin.  Though  considerable  l)anded  structure  w ms 
obsei'ved  in  the  corrosion  products  of  the  metal  of  the  coin,  this 
structure  was  nmch  less  regular  and  well  defined  than  in  the 
corrosion  products  of  the  metal  of  the  strigil  handle.  Cuprous 
oxide,  much  of  it  occurring  in  layers,  appeared  to  be  also  the 
principal  compound  present  in  the  corrosion  products  of  the 
coin,  but  these  corrosion  products  appeared  to  contain  a  larger 
proportion  of  other  compounds  than  the  corrosion  products  of 
the  handle.   Undoubtedly  some  of  these  differences  in  the  micro- 

6  Caley,  "The  Composition  of  Ancient  Greeli  Bronzt-  Coins,"  Amer,  PhUos  Soe., 
Mem.  XI,  Philadelphia,  1939,  p.  169  and  PI.  III. 
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structiiros  of  tlie  corroded  parts  of  these  two  o))jec'ts  arose  from 
the  coiisidera])le  difference  in  the  chemical  composition  of  the 
alloys  from  wliich  they  were  made. 

An  explanation  of  the  fact  that  the  early  bronze  coins  of 
CJorinth  are  usually  in  a  poorer  state  of  preservation  than  the 
other  Greek  bronze  coins  often  found  with  them  at  Corinth  was 
advanced  a  few  years  ago  by  D.  P.  Smith  on  the  basis  of  his  ex- 
amination of  the  microstructure  of  one  of  these  Corinthian  coins 
and  of  a  Sicyonian  coin  taken  as  representative  of  these  better 
preserved  coins  from  elsewhere.'   The  Corinthian  coin  had  a 
coarse  dendritic  structure,  whereas  the  Sicyonian  coin  had  a 
line  worked  structure,  or,  in  other  words,  the  metal  of  the 
Corinthian  coin  was  very  heterogeneous,  whereas  the  metal  of 
the  Sicyonian  coin  was  relatively  homogeneous.   The  very 
heterop:eneous  structure  of  the  metal  of  the  Corinthian  coin  was 
ri^ilitlv  taken  as  the  chief  reason  wliv  such  coins  are  found  in  a 
more  hiirhly  eon-oded  state  tlian  the  other  bronze  coins  buried 
with  them  and  snl),ieeted  to  tlK^  same  external  conditions.  Be- 
cause of  the  ^reat  numbiT  of  ])oints  of  different  electrical  po- 
tential on  tlie  suri'ac<'  of  metal  of  sncli  marked  heteroucnoity  a 
^reat  many  simultaneous  elect roell('nli(•^d  reactions  occur  on 
this  surface  on  contact  of  such  metal  with  moist  ground  or  sub- 
terranean water,  reactions  which  are  destructive  to  the  metal. 
On  the  other  hand,  with  metal  of  greater  homogeneity  there  are 
fewer  points  of  diffei-ent  electrical  potential  on  the  surface,  and 
therefore  correspondingly  fewer  electrochemical  reactions  which 
are  destructive  to  the  metal.   This  explanation  is  undeniably 
sound,  but  it  is  not  an  explanation  as  to  why  bronze  objects  of 
all  sorts  are  usually  found  in  a  poorer  state  of  preservation  at 
Corinth  than  at  many  other  Greek  sites.   It  is  more  than  likely 
that  most  of  these  badly  corroded  objects,  particularly  the  tools 
and  weapons,  were  composed  of  metal  much  more  homogeneous 
than  the  bronze  coins  of  this  city  state.    As  was  shown  else- 
where' from  the  miscroscopic  examination  of  a  series  of  speci- 
mens, the  metal  of  the  early  bronze  coins  of  Corinth  is  peculiarly 
heterogeneous  even  foi'  (xreck  ])V(nvAv  coins  since  these  Corin- 
thian coins  were  evidently  sti  nck  on  cast  blanks,  a  practice  that 
does  not  appear  to  have  been  generally  followed  at  other  places. 

TBeported  by  T.  L.  Sluar,  Am.  J.  Arch.,  35,  141-146  (1931). 
8  Caley,  op.  cit.,  pp.  165-169. 
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The  abnormal  degree  to  which  these  coins  became  corroded  is, 
in  part  then,  the  resnlt  of  a  special  condition,  and  the  explana- 
tion that  has  been  advanced  for  their  unnsnally  poor  state  of 
preservation  is  therefore  a  special  explanation  which  applies  to 
these  coins  alone,  not  to  the  other  kinds  of  highly  corroded 
bronze  objects  found  at  Corinth. 

A  General  Explanation  of  the  Poob  State  of  Presebvaxioit 
OF  the  Bronze  Found  at  Corinth 

Any  adequate  exi)lanation  of  the  extensive  corrosion  of 
bronze  at  Corinth  must  almost  necessarily  be  based  on  the  gen* 
eral  electrolytic  theory  of  metallic  corrosion,  the  theory  now 
commonly  accepted  as  affording  a  true  view  of  the  mechanism 
by  which  metals  and  their  alloys  become  corroded.  According 
to  this  theory,  the  active  corrosion  of  a  metal  or  alloy  oocnrs 
when  the  surface  of  the  metal  or  alloy  is  sufficiently  hetero- 
geneous, and  when  this  surface  is  in  contact  with  a  suitable 
electrolyte.   Moreover,  such  a  heterogeneous  metal  surface  in 
contact  with  such  an  electrolyte  is  considered  to  have  upon  it  a 
large  number  of  points  or  areas  wliich  are  at  different  electrical 
potentials  so  that  numerous  local  electric  currents  pass  betwti'U 
the  members  of  pairs  of  these  points  or  areas,  and  electro 
chemical  reactions  of  various  kinds  are  produced  at  or  near 
these  places  of  different  electrical  potential  by  the  current. 
Some  of  these  electrochemical  reactions,  those  which  occur  at 
the  points  or  areas  which  are  anodic,  are  destructive  to  the 
metal,  and  various  secondary  chemical  reactions  may  occur  be- 
tween the  products  of  the  primary  reactions  and  the  constituents 
of  the  electrolyte.   The  more  heterogeneous  the  metal  the 
greater  will  be  the  number  of  local  currents,  and  the  greater  wiU 
be  the  rate  of  corrosion  if  other  conditions  remain  constant. 
Likewise,  the  more  heterogeneous  the  metal  in  an  electrical 
sense,  the  greater  will  be  the  intensity  of  these  currents,  and 
the  greater  will  be  the  rate  of  corrosion. 

Heterogeneity  in  the  electrolyte,  particularly  when  it  arises 
from  differences  in  the  concentration  of  dissolved  oxygen,  may 
also  cause  electrolvtic  corrosion  oven  when  the  metal  itself  i< 
very  homogeneous.  Such  heterot^eneity  may  exist  in  effect 
when  some  parts  of  tlie  metal  surface  are  shielded  by  the  pre>- 
ence  of  deposits  of  insoluble  corrosion  products  from  the  action 
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o:f  the  dissolved  oxygen  while  other  parts  are  exposed  to  the 
actioB  of  this  agent.  With  an  ancient  alloy  such  as  Corinthian 
l>xonze  it  seems  very  likely,  however,  that  the  marked  hetero- 
geneity of  the  metal  itself  was  a  much  more  important  factor 
ixi  its  corrosion  than  any  possible  heterogeneity  in  the  electro- 
lyte. 

Ancient  bronze  is  usually  very  heterogeneous,  and  hence 
easily  corroded,  because  of  the  presence  in  it  of  many  kinds 
of  impurities  in  considerable  proportion.    Other  conditions 
\>eing  equal,  the  greater  the  variety  of  such  impurities,  the 
more  heterogeneous  the  bronze,  and  the  greater  the  tendency  for 
it  to  become  corroded.    P^rom  the  preceding  analyses  of  speci- 
mens of  corroded  Corinthian  bronze  it  apparently  cannot  be 
concluded,  however,  that  such  bronze  was,  by  reason  of  the 
presence  of  an  unusual  variety  or  an  unusually  large  proportion 
of  impurities,  any  more  heterogeneous  than  other  ancient  bronze. 
Indeed,  the  actual  analytical  results  indicate  that  fewer  kinds 
of  impurities  and  lower  proportions  of  these  impurities  were 
present  than  is  usual  in  ancient  bronze.    Therefore  the  greater 
tendency  of  Corinthian  bronze  to  become  corroded  cannot  be 
ascribed  to  any  abnormal  degree  of  heterogeneity  arising  from 
the  presence  of  impurities.   However,  the  unusually  high  pro- 
portions of  tin  found  in  the  specimens  that  were  analyzed  does 
seem  to  indicate  that  Corinthian  bronze  was  generally  more 
heterogeneous  than  most  ancient  bronze  for  an  entirely  different 
reason.   In  such  high-tin  bronze  a  separate  alloy  phase  much 
richer  in  tin  than  the  mass  of  the  metal  is  usually  present,  this 
alloy  phase,  the  so-called  delta  bronze,  being  ordinarily  dis- 
tributed throughout  the  body  of  the  metal  in  the  form  of  numer- 
ous minute  crystallites  or  grains.   Not  only  would  the  existence 
of  such  a  fundamental  hetero2:eneitv  in  the  bronze  cause  the 
passage  of  moi-e  nuniei-ous  electric  currents  than  usual  on  con- 
tact of  the  sui  facc  of  the  bronze  with  an  electrolyte,  but  it  would 
cause  larger  currents  than  usual  to  pass  because  of  the  rela- 
tively large  potential  differences  between  the  segregations  of 
delta  bronze  and  the  mass  of  alpha  bronze  constituting  the  bulk 
of  the  alloy.    Thus  both  the  greater  number  and  the  greater 
intensity  of  these  local  currents  would  lead  to  more  rapid  cor- 
rosion than  usual.    The  evidence  available  appears  to  show, 
therefore,  that  a  particular  kind  of  heterogeneity  existed  in  Co- 
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rinthian  bronze,  and  that  this  heterogeneity  accounts,  in  part  at 
least,  for  the  greater  tendency  of  this  bronze  to  become  corrode'i 

The  nature  of  the  electrolyte  which  comes  into  contact  witi 
the  surface  of  the  bronze  also  influenzas  the  rate  at  which  tht 
alloy  undergoes  corrosion.  With  buried  ancient  bronze  thi? 
electrolyte  is  usually  the  local  subterranean  water.  Other  con- 
ditions being  equal,  the  greater  the  concentration  of  dissolved 
salts  in  this  water  the  higher  the  rate  of  corrosion.  Moreowr, 
certain  dissolved  salts,  or  rather  their  ions,  will  accelerate  the 
corrosion  of  bronze  much  more  tliaii  others.  Numerous  experi- 
ments liavc  sliown  that  chh)ride  ion  in  ])articnlar  is  etTective  in 
furthering  the  corrosion  of  c()j)por  and  its  aUoys  by  aqiieou- 
solutions."  Now,  as  was  sliown  by  an  analysis,  the  pr<^<f'iit  <ul^^ 
terranean  water  at  Corinth  is  unusual  in  that  it  contains  not 
only  a  high  concentration  of  dissolved  salts  but  also  elilt>ride 
ion  in  considerable  concentration.  Hence  the  kind  of  water 
which  in  all  probability  acted  as  the  electrolyte  in  the  corrosion 
of  the  bronze  at  Corinth  was  of  such  a  composition  that  the 
corrosion  of  the  bronze  took  place  there  at  a  more  rapid  rate 
than  similar  bronze  at  other  sites  where  the  water  that  acted  as 
the  electrolyte  had  a  more  normal  composition. 

The  nature  of  the  chemical  changes  which  were  involved  in 
the  corrosion  of  the  bronze  at  Corinth  was  probably  to  a  lar^t- 
extent  determined  by  the  chloride  ion  i)resent  in  consi(l<Mahle 
concentration  in  the  subterranean  water,  the  other  ions  such  a- 
sodium  ion,  calcium  ion,  and  bicarbonate  ion  being  ])rol)ably  of 
little  im])()rtance  in  this  respect.  The  importance  of  chloride 
ion  in  determining  the  course  of  the  chemical  changes  in  the 
corrosion  of  copper  and  its  alloys  by  solutions  containing  vari- 
ous dissolved  salts  has  in  fact  been  shown  by  numerous  experi- 
mental and  theoretical  studies,  considerable  attention  having 
been  given  to  this  matter  because  of  the  economic  importance 
of  the  corrosion  of  such  metals  by  sea  water.  Though  such 
investigations  of  corrosion  by  solutions  containing  dissolved 
chlorides  have  been  made  almost  entirely  on  })ure  co])]km-  and 
on  alloys  of  coi)per  and  zinc,  not  on  bronzes,  and  with  sea  water 
or  with  pre])ared  solutions  containing  rather  high  concentrations 
of  chloride  ion,  not  on  solutions  as  dilute  in  chloride  ion  as  the 

i»  Soc  especially  Gibbs,  Smith  and  Bengoiigh,  J.  Inst.  Mf  taU,  16,  37-lW  (1916) 
and  Bengough  and  Hudson,  J.  Inst.  Metals,  21,  119-166  (1919). 
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^lifcterraneaii  water  of  Corinth,  the  results  of  tliese  investiga- 
tions are  nevertheless  helpful  in  explaining-  the  nature  of  the 
elieniical  changes  which  occurred  during  the  corrosion  of  bronze 
at  Corinth/" 

The  importance  of  dissolved  chlorides  in  determining  the 
course  of  the  chemical  changes  which  occur  in  the  corrosion  of 
ancient  bronze  by  brackish  waters  appears  to  have  first  been 
ii.oticed  by  Berthelot/^  who  postulated  a  series  of  chemical 
equations  for  these  changes  that  accounted  for  the  formation  of 
tlxe  known  copper  corrosion  products.   Berthelot's  explanation 
o£  the  course  of  the  chemical  reactions  is,  however,  mostly  of 
liistorical  interest  since  it  is  not  based  on  electrochemical  con- 
siderations, and  is  in  other  respects  incomplete  and  incorrect. 
A.lso  unsatisfactory  for  the  same  reasons  are  the  theoretical 
explanations  given  by  Eosenberg    for  the  nature  and  course 
of  the  corrosion  reactions.   Much  more  correct  in  viewpoint 
but  incomplete  and  unsystematic  are  the  explanatory  remarks 
of  Collins     contained  in  his  paper  on  tliu  corrosion  of  early 
Chinese  bronzes.    A  reasonablv  satisfactorv  explanation  of  the 

w  •  1 

course  of  the  chemical  changes  in  the  corrosion  of  ancient  buried 
copper  by  water  or  soil  containing  chlorides  is  given  by  Get- 
tcns  ^*  in  his  paper  on  the  mineralization,  electrolytic  treatment, 
and  radiographic  examination  of  copper  and  bronze  objects  from 
Nuzi  in  Iraq.  Though  much  that  he  writes  is  applicable  also 
to  the  course  of  the  chemical  reactions  in  the  chloride  coi- 
rosion  of  ancient  buried  bronze,  his  explanation  is  apparently 
intended  to  apply  only  to  pure  copper,  not  to  the  aUoy  bronze. 
Neither  in  this  explanation  nor  in  any  previous  one  is  consid- 
eration given  to  the  probable  chemical  behavior  of  the  tin  dur- 
ing the  corrosion  of  bronze  by  the  action  of  chlorides.  The 
explanation  which  follows  appears  therefore  to  be  the  first  rea- 
sonably adequate  explanation  of  the  nature  and  course  of  the 
chemical  changes  that  occur  when  bronze  undergoes  corrosion 
for  long  periods  as  the  result  of  the  action  of  chlorides  con- 
tained in  soil  or  subterranean  water.    Though  written  primarily 

1"  EsjK'fiallv  helpful  are  the  experimental  studies  aud  theoretical  discussion  of 
Bengougli  and  May,  J.  Inst.  Metals,  32,  81-142  (1924). 
a  Ann,  ehim.  phys.  [7]  22,  457-460  (1901). 

1-  Antiquit6s  en  fer  et  en  bronze,  leur  transformation  dans  la  terre  contenant  de 
I'acide  carbonique  et  des  chlorures,  et  leur  conservation,  Copenhagen,  1917,  pp.  71-80. 
18  /.  Intt.  Metals,  45,  23-55  (1931). 

14  Techniaa  Studies  in  the  Field  of  the  Fine  Arts,  1,  119-133  (1933). 
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as  a  specific  ex})laiiatiun  of  the  chemical  inechanisin  of  the  ci-r 
rosiun  of  the  bronze  buried  at  Corinth,  it  is  also  in  a  iargv 
measure  a  general  exphination  or  theory  of  the  ehemicai  mech 
anism  of  the  corrosion  of  anv  bronze  which  has  underffon-: 
extensive  alteration  as  the  result  of  the  action  of  soil  or  water 
containing  chlorides. 

Important  for  an  understanding  of  the  initial  stages  in  the 
corrosion  of  ancient  bronze  by  any  natural  corrosive  agent  i- 
the  detailed  study  made  by  Fink  and  Polushkin  "  of  the  micro- 
scopic appearance  of  many  specimens  of  ancient  corroded 
bronze.   These  investigators  found  that  the  places  where  cor- 
rosion started  and  the  paths  subsequently  taken  by  the  corrosiT^ 
action  varied  greatly  in  accordance  with  the  composition  and 
structure  of  the  alloy,  and  probably  in  accordance  with  the 
nature  of  the  corrosive  agent.    In  general,  however,  reucardless 
of  where  corrosion  started,  what  path  it  subsequently  followe^l 
or  the  nature  of  the  corrosive  agent,  the  tin  in  the  alloy,  not 
the  copper,  was  always  the  first  to  be  attacked.    This  is  what 
would  be  expected  from  general  electrochemical  jirinciples  s'lm^ 
tin  is  the  moi'e  eleetropositve  metal  of  the  two.    It  was  nor 
found,  however,  that  the  tin  was  all  corroded  away  even  locally 
before  the  corrosion  of  the  copper  began,  nor  even  that  the  part- 
of  the  bronze  richest  in  tin  were  alwavs  the  first  to  be  attacked. 
Apparently  the  potentials  of  some  solid  solutions  of  copper  and 
tin  toward  electrolytes  do  not  vary  directly  with  the  propor- 
tions of  component  metals.   For  example,  in  a  specimen  of  cast 
bronze  containing  a  high  proportion  of  tin,  Fink  and  Polnshkin 
observed  that  the  copper-rich  alpha  solid  solution  had  been 
corroded  first  and  that  the  eutectoid,  the  component  containing 
the  higher  ])roportion  of  tin,  was  the  last  to  be  corroded.  Prob- 
ably the  intermc'tfdlic  com})()und  of  copper  and  tin  contained  in 
the  eutectoid  caused  the  grains  composed  of  tliis  solid  solntidii 
to  be  more  electronegative  in  character  than  the  grains  com- 
posed of  the  alpha  solid  solution  so  that  the  latter  were  anodi' 
and  were  therefore  corroded  by  the  action  of  tlie  electrolyte. 
However,  the  results  of  Fink  and  Polushkin  do  indicate  that  in 
ancient  wrought  bronze  the  places  richest  in  tin  were  usually 
the  first  to  be  attacked.   In  general  these  places  were  the  out- 
side layers  of  the  somewhat  inhomogeneous  grains  of  alpha 

Trans.  Am,  Inst.  Min.  Met.  Eng.,  122,  90-117  (1936). 
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i»olid  solution  of  which  such  bronzes  are  coni})ose(l.    Where  such 
^lAces  are  exposed  on  the  surface  of  the  metal  object  as  ed,<!:os 
of  grains  they  are,  because  of  their  higher  tin  content,  anodic  in 
cluaraeter,  whereas  the  central  parts  of  the  exposed  grains, 
iw^liich  are  poorer  in  tin,  are  cathodic.   These  edges  of  the  grains 
are  therefore  corroded  by  the  action  of  the  electrolyte,  whereas 
time  central  parts  are  not  corroded.   The  microscopic  examina- 
tion of  specimens  of  ancient  corroded  bronze  has  shown  that  the 
corrosion  of  the  outside  layers  of  the  grains  of  metal  may  ex- 
tend far  below  the  surface  of  the  object  while  the  central  parts 
of  the  grains  on  tlie  surface  remain  entirely  nncorroded.  Such, 
for  example,  was  what  had  apparently  happened  initially  in 
t  lie  corrosion  of  the  Corinthian  strip:il  handle.    From  the  stand- 
yjoint  of  the  electrolytic  theory  of  corrosion  it  is  easy  to  under- 
stand whv  this  corrosion  of  the  outside  layers  of  f»rains  mav 
<^cciir  far  below  the  surface  while  most  of  the  surface  metal 
remains  uncorroded.    The  outside  layers  of  the  grains  are  all 
of  the  same  composition  on  the  average  so  that  the  electrical 
potentials  between  these  layers  and  the  central  parts  of  the 
surface  ufrains  are  about  the  same  whether  these  layers  are  on 
grains  below  the  surface  or  on  grains  at  the  surface.  Thus 
corrosion  of  the  outside  layers  of  grains  below  the  surface  pro- 
ceeds in  the  same  way  as  at  the  surface  providing  the  electrolyte 
can  penetrate  freely  down  between  these  grains.   Since  this 
so-called  intergranular  corrosion  starts  at  the  surface  and  pro- 
ceeds inward  with  the  formation  of  loose  and  porous  corrosion 
products  and  with  the  formation  of  open  spaces  caused  by  the 
dissolution  of  some  of  these  corrosion  products,  the  electrolyte 
may  penetrate  more  or  less  easily  between  the  grains  as  their 
outside  layers  are  corroded.    However,  tlie  deeper  the  electro- 
lyte ])enetrates  into  the  body  of  the  metal  the  less  easily  will  it 
circulate  and  the  longer  will  spent  electi'olyte  remain  in  contact 
with  the  surfaces  of  the  j>rains.    Tluis  iiitiMnrannlar  corrosion 
l)robably  tends  to  proceed  at  a  slower  and  slower  iat(^  as  it 
progresses  into  the  body  of  the  metal.    The  iminii-ities  in 
ancient  bronze,  which  are  often  concentrated  largely  between 
the  grains  of  metal,  probably  play  an  important  part  in  further- 
ing this  sort  of  initial  corrosion.    Some  of  these  impurities  may 
be  cathodic  toward  the  outside  layers  of  the  grains  of  metal  with 
which  they  are  in  contact  and  so  tend  to  accelerate  the  electro- 
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lytic  corrosion  of  these  layers.  Other  impurities  may  be  easily 
oxidized  to  soluble  corrosion  products  which  are  readily  dij»- 
solved  out,  and  in  this  way  cavities  or  channels  are  formed 
between  the  grains  that  allow  the  electrolyte  to  penetrate  thi; 
metal  more  freely. 

As  the  anodic  parts  of  the  grains  of  a  Corinthian  bronze 
were  first  attacked  by  the  local  water  acting  as  a  weak  cor- 
rosive agent  it  is  likely  that  the  tin  was  more  or  less  completely 
dissolved  out  superficially  and  that  the  copper  was  left  behind 
as  a  porous  layer  or  as  a  loose  powder.  When  brass  is  attacked 
by  weak  corrosive  agents,  the  zinc  is  so  removed  and  the  copper 
is  left  behind."  By  analogy  a  similar  process  might  be  expecte<l 
to  take  place  in  the  corrosion  of  bronze  by  similar  agents,  thousrb 
unquestionable  experimental  proof  for  the  occurrence  of  this 
process  in  the  corrosion  of  bronze,  such  as  has  been  obtaiued  for 
brass,  does  not  appear  to  be  available.  However,  Fink  and 
Poluslikin  conclude  from  their  observations  of  the  micros tmc- 
ture  of  ancient  corroded  bronzes  that  metallic  copper  is  cer- 
tainly produced  in  the  initial  sta.i;es  of  the  corrosion  of  such 
alio  vs.  In  the  corrosion  of  brass  the  removal  of  the  more  active 
metal  is  a  well-recognized  phenomenon  known  as  dezincifictUion, 
and  the  analogous  process  in  the  corrosion  of  bronze  may  be 
termed  destannificafion.^^ 

It  is  highly  probable  that  the  porous  or  powdery  copper  pro- 
duced by  the  removal  of  the  tin  from  the  anodic  parts  of  the 
grains  of  the  bronze  was  itself  then  corroded  rather  rapidly.  As 
was  found  by  some  experiments,  filings  of  even  very  pure  copper 
are  corroded  at  an  appreciable  rate  by  dilute  sodium  chloride 
solutions.  The  more  finely  divided  and  impure  copper  produced 
by  the  removal  of  tin  from  grains  of  ancient  bronze  would  be 
corroded  at  a  much  .s^reater  rate  since  the  speed  of  such  corrosive 
action  must  increase  with  both  the  degree  of  subdivision  of  the 
metal  and  with  the  degree  of  its  heterogeneity.  The  almost  in- 
variable occurrence  of  cuprous  oxide  as  an  intergranular  cor- 
rosion ]iroduct  in  specimens  that  are  otherwise  sound  shows  that 
in  ancient  bronze  generally,  the  corrosion  of  the  copper  must 

i«  StaiweD  and  Turnipseed,  Ind.  Eng.  Chem.,  26,  740-743  (1934). 

17  Zor.  cit. 

18  Probably  to  be  preferred  to  the  term  detinificaiion  since  the  verb  deiin  in  its 
various  forms  is  already  in  established  use  as  referring  to  the  removal  of  tin  from 
scrap  tin-plate. 
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r  >o^n  shortly  after  the  initial  attack  on  the  tin.    Moreover,  the 
i-es lilts  that  were  obtained  in  the  experimental  corrosion  of  a 
specimen  of  Corinthian  bronze  show  how  quickly  copper  cor- 
T-osion  products  appear  after  the  beginning  of  corrosive  attack. 
Tlxerefore  it  may  be  safely  concluded  that  in  the  natural  cor- 
rosion of  Corinthian  bronze,  the  corrosion  of  tin  and  copper 
l>e^aii  to  occur  simultaneously  soon  after  the  alloy  was  initially 
ai;1;acked.   However,  since  the  tin  began  to  dissolve  first,  it  is 
lo^cal  to  discuss  first  the  probable  chemical  mechanism  of  the 
coxrosion  of  the  tin  in  the  buried  bronze  of  Corinth  by  the  ac- 
tion of  the  subterranean  water  containing  chloride  ion. 

As  the  tin  spontaneously  dissolved  in  the  water  at  anodic 
areas,  the  metal  must  have  entered  into  solution  almost  entirely 
as  stannous  ions,  and  only  to  a  very  slight  extent  as  stannic  ions, 
since  it  is  known  from  numerous  experimental  observations  that 
wlien  tin  is  dissolved  by  dilute  aqueous  .solulioiis  of  ,  all  kinds 
stannous  ions  are  invariably  present  in  the  resulting  solutions  in 
overAvhelming  proportion  as  compared  to  stannic  ions.  This 
process  of  solution  at  the  anodic  areas  involved  the  release  of 
two  electrons  for  each  stannous  ion  that  entered  the  solution. 
Two  electrons  then  became  available  at  the  cathodic  areas  in  the 
centers  of  the  surface  grains,  or  at  other  cathodic  areas,  to  com- 
bine with  the  hydrogen  ions,  or,  more  strictly  speaking,  with  the 
hydrated  hydrogen  ions  contained  in  the  water  in  contact  with 
these  areas.   The  combination  may  be  represented  by  the 
equation : 

2e  +  2H*  ->  2H. 

That  the  hydrogen  which  was  so  formed  ever  appeared  as  mo- 
lecular hydrogen  gas  at  these  cathodic  areas  of  the  metal  grains 
is  very  unlikely  in  view  of  the  almost  certain  presence  in  the 
suhterranean  water  of  dissolved  oxygen  which  would  immedi- 
ately oxidize  the  hydrogen  to  water  as  soon  as  it  was  formed. 
Indeed,  if  the  hydrogen  had  not  been  so  oxidized  it  would  have 
accumulated  as  a  gas  on  the  cathodic  areas  and  probably  would 
ha%'e  polarized  them  so  that  the  electrolytic  corrosive  action 
could  not  have  proceeded  further.  That  the  corrosion  of  Co- 
rinthian bronze  soon  ceases  in  a  dilute  chloride  solution  free 
from  dissolved  oxygen  was  clearly  demonstrated  by  the  last  ex- 
periment of  the  three  described  in  a  previous  section  of  this 
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paper.  The  removal  of  liydroi'eii  ions  at  the  cathodie  areas  re- 
sulted ill  an  excess  of  hvdroxvl  ions  ])ein2:  left  in  tlie  solution  at 
these  places,  two  hydroxy!  ions  for  each  stannous  ion  that  en- 
tered the  solution.  The  final  result  of  the  first  stage  in  the  cor- 
rosion of  the  tin  was,  therefore,  that  stannous  ions  entered  the 
water  at  the  anodic  areas  of  the  grains  of  metal,  and  that  a  corre- 
sponding excess  of  hydroxyl  ions  accumulated  at  the  eathodic 
areas  of  these  grains. 

As  soon  as  the  stannous  ions  diffused  away  from  the  metal 
surface,  or  were  carried  away  from  it  by  movement  of  the  water, 
these  ions  must  have  been  oxidized  rather  rapidly  to  stannic  ion> 
by  the  oxygen  dissolved  in  the  water  since  the  instability  of  stan- 
nous ions  under  these  conditions  is  a  well-established  fact.  This 
oxidation  may  be  represented  by  the  equation : 

2Sn^^  +  Oa  +  2H,0     2Sn*^^^  -f  40H-. 

Bv  this  oxidation  of  the  stannous  ions  more  electrons  were  re- 
leased,  two  for  eacli  ion  oxidized,  so  that  still  more  hydroxyl  ion* 
accumulated  in  the  solution,  two  hydroxyl  ions  beins:  formed  f'>r 
each  stannous  ion  that  was  oxidized.  In  the  iireseiice  of  the 
chloride  ions  in  the  solution,  the  stannic  ions  ])roduced  by  tho 
oxidation  prol)al)ly  had  little  more  than  a  transitory  existence 
for  it  seems  reasonably  certain  that  they  combined  very  rayiidly 
with  these  chloride  ions  to  form  the  covalent  compound,  stannic 
chloride,  a  combination  that  may  be  represented  by  the  equation : 

Sn****  +  4C1-  SnCl,. 

Some  stannic  chloride  mav  have  been  formed  directlv  bv  the 
union  of  chloride  ions  with  the  stannic  ions  produced  in  very  low 
concentration  in  the  course  of  the  initial  solution  of  the  tin. 
This  direct  action  probably  did  not  take  place  to  any  extent, 
since  if  it  had  done  so  the  equilibria  between  the  stannous  ions, 
the  stannic  ions,  and  the  metallic  tins  at  the  anodic  areas  would 
have  been  shifted  to  such  an  extent  that  few  stannous  ions  would 
have  been  left  in  solution,  which  appears  very  unlikely  in  view  of 
the  fact  that  stannous  comjjounds  are  present  in  considerable 
proportion  nnioii'j,'  the  corrosion  products  of  pure  tin  and  alloys 
of  tin  which  have  undergone  corrosion  fioin  the  action  of  natural 
waters  containing  chlorides.  TIk^  stannic  chloride  formed  in  the 
solution  by  either  of  these  two  ways  could  have  existed  but  a 
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relatively  short  time  since  this  compound  is  readily  hydrolyzed 
by  water.  This  hydrolysis  occurs  in  a  series  of  stages,  but  the 
final  products  are  hydrated  stannic  oxide  and  hydrochloric  acid. 
The  total  change  that  occurred  may,  therefore,  be  represented  by 
tbe  equation: 

SnCU  -f  4H/)     Sn(0H)4  +  4H^  +  4C1-. 

Thus  hydrochloric  acid  was  released  in  the  solution,  and  not  only 
were  the  original  chloride  ions  restored  to  the  solution  for  fur- 
ther action  but  an  otjuivalout  number  of  hydro<'en  ions  were  re- 
leased at  the  same  time,  and  tliese  may  liave  increased  the  rate 
at  which  the  allov  corroded.  However,  anv  such  increase  in  rate 
of  corrosion  because  of  increased  acidity  must  have  been,  at  tlie 
most,  only  local  and  temporary  since  most  of  this  excess  of 
hydro2:en  ions  was  probably  soon  neutralized  by  the  equivalent 
excess  of  hydroxyl  ions  also  present  in  the  solution,  either 
through  the  dilTusion  of  these  ions  toward  each  other  or  through 
the  movement  and  consequent  mixing  of  the  liquid.  Thus  the 
original  neutrality  of  the  water  in  contact  with  the  corroding 
alloy  surface  tended  to  be  continually  restored  in  spite  of 
chemical  reactions  that  produced  local  excesses  of  hydrogen  and 
hydroxyl  ions. 

An  important  effect  resulting  from  the  local  excess  of  hy- 
droxyl ions  produced  at  the  cathodic  areas  was  very  probably 
the  formation  of  hydrated  stannous  oxide.  By  mutual  diffusion 
or  through  mixing  of  the  solution,  the  hydroxyl  ions  produced 

at  these  areas  came  in  contact  with  the  stannous  ions  produced 
at  the  nearby  anodic  areas  before  these  metal  ions  became  oxi- 
dized, w^ith  the  result  that  insoluble  hydrated  stannous  oxide 
was  formed  in  formed  in  accordance  with  the  equation: 

Sn--f20H-->Sn(OH)3. 

That  hydrated  stannous  oxide  is  actually  one  of  the  products 
formed  in  the  natural  corrosion  of  tin  has  l)een  definitely  estab- 
lished by  investigations  of  the  nature  of  the  products  formed 
on  tin  objects  which  have  become  corroded  by  the  action  of 
water  or  moist  earth.  Moreover,  this  compound  is  not  a  mere 
transitory  product  but  may  persist  for  long  periods  as  has  been 
shown  by  analyses  of  corrosion  products  found  on  ancient  ob- 
jects composed  of  tin,  and  of  alloys  of  tin.    The  first  analysis 
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of  this  nature  appears  to  have  been  made  by  Bannister,*"  who 
investigated  the  natnre  of  the  corrosion  products  on  a  fragment 
of  a  very  pure  tin  scabbard  of  Medieval,  or  possibly  Roman, 
date  found  in  England.   According  to  his  analysis  these  cor- 
rosion products  were  composed  of  54.68  per  cent  anhydrouji 
stannic  oxide  and  of  43.35  per  cent  hydrated  stannous  oxide, 
in  addition  to  very  small  i)roportions  of  various  compoiimi> 
other  than  those  of  tin.    Just  rocentlv,  Snivthe    has  shown  hv 
a  series  of  analyses  of  corrosion  x)roducts  on  ancient  tin  object-^, 
and  on  ancient  objects  of  lead-tin  alloys,  found  in  Great  Bi'itain. 
that  stannous  oxide,  more  or  less  hydrated,  is  of  jj-eneral  occur- 
rence in  these  products  of  corrosion.    For  example,  the  layer  of 
corrosion  products  on  a  piece  of  Roman  lead-tin  alloy,  composed 
of  97.70  per  cent  tin  and  2.73  per  cent  lead,  was  found  to  contain 
65.23  per  cent  stannic  oxide,  23.69  per  cent  stannous  oxide,  and 
3.37  per  cent  water.   An  even  greater  proportion  of  stannous 
oxide  was  found  in  the  corrosion  products  of  a  Roman  ingot 
composed  of  94.78  per  cent  tin  and  5.37  per  cent  lead.    These  | 
contained  56.83  per  cent  stannic  oxide,  32.40  per  cent  stannous 
oxide,  and  4.25  per  cent  water.    On  the  other  hand,  only  a  very 
small  proportion  of  stannous  oxide  was  found  in  the  corrosion 
products  of  a  Roman  alloy  composed  of  97.80  per  cent  lead  and 
2.00  pel*  cent  tin.    Tn  these  the  stannic  oxide  amounted  to  10.r)3 
per  cent  and  the  stannous  oxide  to  only  O.OG  per  cent.    It  is 
interesting  to  note  that  chlorine  in  the  form  of  metallic  chlorides  i 
was  found  in  most  of  these  corrosion  products,  an  indication 
that  chloride  ion  w^as  probably  instrumental  in  the  corrosion  of  ! 
the  tin  in  these  objects  just  as  it  was  in  the  corrosion  of  the  tin 
in  Corinthian  bronzes.   The  composition  of  the  corrosion  prod- 
ucts on  an  ancient  tin  ingot  dredged  up  from  the  sea  bottom 
provides  an  unquestionable  example  of  the  formation  of  hy- 
drated stannous  oxide  when  tin  is  corroded  in  water  containing 
chlorides.    These  corrosion  products  contained  84.93  per  cent 
stannic  oxide,  5.31  per  cent  stannous  oxide,  and  7.00  per  cent 
water.    They  also  contained  1.58  per  cent  chlorine  in  the  form 
of  metallic  chlorides.    It  seems  certain,  therefore,  that  hydrated 
stannous  oxide  was  formed  in  the  corrosion  of  Corinthian  bronze, 

i»J.  Inst.  MetaU,  35,  71-72  (1926). 
20/.  Inat.  MetaU,  66,  355-360  (1940). 
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«iiid  it  is  very  probable  that  the  formation  of  this  compound 
came  about  by  the  mechanism  that  has  been  suggested. 

The  immediate  end-product  of  the  corrosion  of  the  tin  in 
Oorinthian  bronze  was,  therefore,  a  mixture  of  hydrated  stannic 
oxide  and  hydrated  stannous  oxide.    Smythe'^  has  suggested 
that  an  actual  compound,  a  hydrated  stannous  stannate,  may  be 
formed  between  the  hydrated  higher  and  lower  oxides  in  the 
corrosion  products  of  tin,  but  there  is  no  real  evidence  that  the 
formation  of  such  a  compound  takes  place  under  natural  condi- 
tions.  In  accordance  with  its  known  behavior  the  hydrated 
?;taiinic  oxide  in  the  mixture  lost  water  iiradually.    During  wet 
periods  this  ])i-oeoss  of  dehydration  ])i'ol>al)ly  never  proceeded 
very  far  toward  eoni])letion,  hut  during-  dry  ])eriod8  it  probably 
y)roceeded  nearly  to  coin])letion.    Tender  especially  favorable 
conditions  and  after  a  ](nvj:  lapse  of  time  the  dehydration  may 
have  been  complete.    That  the  dehydration  was  ultimately  com- 
plete, or  nearly  so,  is  clearly  indicated  by  some  of  the  analytical 
results  obtained  by  Smythe  in  his  investigation  of  the  composi- 
tion of  the  corrosion  products  of  ancient  tin.    The  hydrated 
stannous  oxide  in  the  mixture  also  became  dehydrated,  at  least 
the  part  of  it  that  was  not  oxidized  beforehand.   This  dehydra- 
tion of  the  hydrated  stannous  oxide  was  more  rapid  and  prob- 
ably more  complete  than  that  of  the  hydrated  stannic  oxide, 
since,  according  to  experiments  of  Bury  and  Partington,"  the 
formation  of  anhydrous  stannous  oxide  from  the  hydrate  pro- 
ceeds spontaneously  at  an  easily  observable  rate  even  under 
water  at  ordinary  temperatures.   Some  of  the  hydrated  stan- 
nous oxide  was  probably  oxidized  to  hydrated  stannic  oxide  by 
the  action  of  the  dissolved  oxv2:en  in  the  subterranean  water 
before  its  dehydration  could  occur.    As  lono;  as  the  hydi'ated 
stannous  oxide  remained  in  contact  with  the  metallic  tin  on  the 
surface  of  the  bronze  this  oxidation  ])rf)bably  proceeded  very 
slowly,  but  as  soon  as  the  coni])ound  became  separated  from  the 
surface  by  the  formation  of  underlying  cori'osion  products,  or 
as  soon  as  all  the  tin  in  a  given  area  on  the  surface  had  been 
corroded,  then  the  oxidation  of  this  compound  probably  pro- 
ceeded more  rapidly.   Likewise,  any  anhydrous  stannous  oxide 
formed  by  the  spontaneous  dehydration  of  the  hydrate  was 

21  Loc.  cit. 

2s/.  Chem.  8oe.,  121,  1998-2004  (1922). 
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probably  oxidized  sooner  or  later,  the  product  of  this  oxidation 
being  either  hydrated  stannic  oxide  or  anhydrous  stannic  oxid* 
according  to  conditions.  It  seems  probable  also  that  stannous 
oxide,  either  hydrated  or  anhydrous,  would  be  less  likely  to  per- 
sist among  the  corrosion  products  of  an  alloy  containing  tin  as 
a  lesser  component  than  in  the  corrosion  products  of  pure  tin 
itself.  This  appears  to  be  shown  by  the  occurrence  of  only  0.06 
per  cent  stannous  oxide  as  compared  to  10.63  per  cent  stannic 
oxide  in  the  corrosion  products,  analyzed  by  Smythe,  that  were 
found  on  the  ancient  lead-tin  alloy  which  contained  only  2.00 
per  cent  tin.  There  is,  therefore,  little  reason  to  expect  mnch 
hvdrated  or  anhydrous  stannous  oxide  to  be  present  in  the  re- 
mains of  very  ancient  bronze  objects  that  have  undergone  very 
extensive  or  complete  corrosion."  The  ultimate  product,  then, 
of  the  corrosion  of  the  tin  in  Corinthian  bronze  was  nearly  an- 
hydrous stannic  oxide,  anhydrous  stannic  oxide,  or  a  mixture 
of  the  two. 

This  ineehanisni  for  the  corrosion  of  the  tin  in  Coi-iiitliian 
bronze  serves  to  exi)lain  why  the  ratio  of  the  proportion  of  tin 
to  the  pro])oi"tion  of  coi)per  was  found  to  be  much  lowei*  in  the 
patina  of  the  strigil  handle  than  in  the  metallic  core  of  this 
object.  Since,  by  l  eason  of  their  known  behavior,  some  of  the 
intermediate  products  of  the  corrosion  of  the  tin  must  have 
entered  the  water  in  contact  with  corroding  bronze  in  either 
true  or  colloidal  solution,  and  because  of  their  solubility  a  con- 
siderable proportion  of  these  products  were  lost  by  diffasion, 
or  were  lost  by  being  carried  away  mechanically  by  movement 
of  the  water.  This  must  have  been  particularly  true  of  the 
stannic  chloride  and  of  the  products  of  its  hydrolysis,  including 
even  the  tinal  product,  hydrated  stannic  oxide.  Thus  a  consid- 
erable proportion  of  the  tin  that  was  corroded  did  not  apj^ear 
in  the  insoluble  corrosion  products  attached  to  the  metallic  core. 
This  behavior  of  the  tin  is  in  marked  contrast  to  the  behavior 
of  the  copper  since  when  the  copper  was  corroded  it  apparently 

At  the  time  tlio  analyses  were  made  of  the  corroded  Corinthian  bronze  objects 
studied  in  this  investigation,  the  possible  presence  of  hydrated  or  anhydrous  staunotu 
oxide  in  their  corrosion  products  was  not  suspected.  Even  if  the  presence  of  tbese 
compouiifls  had  been  suspected,  it  is  doubtful  whether  their  presence  could  have  Wen 
established  with  certainty,  and  still  more  doubtful  whether  their  proportion  could 
have  been  determined  with  accuracy,  since  reliable  methods  for  the  detection,  and 
especially  the  determination,  of  hydrated  or  anhydrous  stannous  oxide  in  complex 
mixtures  of  bronze  corrosion  products  are  yet  to  be  devised. 
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formed  at  oiico  a  si)ariii<»'ly  soluble  coiiipoiind,  and  though  this 
primary  corrosion  ])roduct  was  also  hydrolyzed,  the  products 
of  the  hydrolysis  were  compounds  still  more  insoluble  than  this 
primary  product.  Thus  very  little  copper  w^as  lost  in  the  course 
of  the  corrosion  of  the  bronze.  The  probable  mechanism  of  the 
corrosion  of  the  copper  in  the  buried  bronze  of  Corinth  by  the 
action  of  the  subterranean  water  will  now  be  discussed  in  detail. 

From  what  has  been  ol)served  about  the  behavior  of  copper 
when  it  dissolves  in  dilute  aqueous  solutions  of  various  sorts, 
and  from  what  has  been  established  about  the  energy  relation- 
ships involved  in  such  processes,  this  metal,  in  contrast  to  the 
tin,  must  have  entered  into  solution  during  corrosion  largely  in 
the  higher  valence  state  rather  than  the  lower.   According  to 
Allmand  and  EUingham"  the  equilibrium  constant  for  the  re- 
action, Cu**  H-  Cu  ?^  2Cu*,  is  0.5  X  10'*  at  room  temperature, 
which  indicates  that  the  concentration  of  cupric  ions  in  a  dilute 
copper  solution  is  approximately  a  hundred  times  <j:reater  than 
the  concentration  of  cuf)rous  ions  when  these  ions  are  in  equi- 
librium with  a  surface  of  metallic  coppei'.    Hence  the  metal  that 
dissolved  at  anodic  areas  in  the  corrosion  of  the  copper  in 
Corinthian  l)r()nze  must  have  entered  the  water  largely  as  cupric 
ions  and  only  to  a  small  extent  as  cuprous  ions.    This  process 
of  solution  involved  the  release  of  two  electrons  for  each  cupric 
ion  that  entei-ed  the  solution.    Two  electrons  then  became  avail- 
able at  the  cathodic  areas  of  the  copper  to  produce,  by  the  same 
mechanism  as  in  the  corrosion  of  the  tin,  two  hydroxyl  ions  for 
each  cupric  ion  that  entered  into  solution.   The  result  of  the 
first  stage  in  the  corrosion  of  the  copper  was,  therefore,  that 
cupric  ions,  accompanied  by  an  apparently  insignificant  propor- 
tion of  cuprous  ions,  entered  into  solution  at  the  anodic  areas, 
and  that  a  corresponding  excess  of  hydroxyl  ions  accumulated 
at  the  cathodic  areas  of  the  corroding  metal. 

Although  the  copper  dissolved  largely  as  cupric  ion  in  the 
course  of  the  corrosion  of  Corinthian  bronze,  cupric  compounds 
did  not  appear  as  principal  final  corrosion  products,  nor  were 
they  apparently  formed  to  any  extent  even  as  primary  corrosion 
products.  The  fundamental  cause  of  this  apparent  anomaly 
seems  to  lie  in  the  very  low  solubility  of  cuprous  chloride  in 
water  as  compared  to  that  of  cupric  chloride,  a  ditTerence  that 

2«  The  Principles  of  Applied  Electrochemistry,  London,  1924,  p.  262. 
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appears  to  determine  the  entire  course  of  the  chemical  change? 
that  occur  when  copper  is  corroded  by  the  action  of  water  con- 
taining chloride  ion  in  sufficient  concentration.  Moreover,  in 
w^ater  containing  chloride  ion  in  sufficient  concentration  the 
solubility  of  cuprous  chloride  is  so  reduced  by  the  common  ioD 
effect  that  this  salt  tends  to  separate  from  the  solution  as  an 
insoluble  precipitate  even  when  the  cuprous  ion  concentration  is 
very  low.  Because  of  the  sharp  difference  in  the  solubility  of 
the  two  chlorides  of  copper  in  very  dilute  chloride  solution,  it 
seems  very  likely  on  theoretical  grounds  that  cuprous  chloride 
was  formed  as  a  principal  solid  corrosion  product  at  the  anodic 
areas  in  spite  of  the  fact  that  the  concentration  of  the  cuprous 
ions  at  these  areas  was  always  very  low  as  compared  to  that  of 
the  cupric  ions.  In  other  words,  the  equilibria  between  the 
cupric  ions,  the  cuprous  ions,  and  the  metallic  copper  were  so 
continuously  upset  by  the  removal  of  cuprous  ions  to  form  in- 
soluble cuprous  chloride  that  this  salt  was  formed  as  a  principal 
corrosion  product  in  spite  of  the  fact  that  the  metallic  copper 
tended  to  dissolve  almost  entirely  as  cupric  ions.  Various  ob- 
servations and  facts  support  this  explanation  of  how  cuprous 
compounds  began  to  be  formed  as  corrosion  products  instead  of 
cupric  compounds. 

Though  the  presence  of  cuprous  chloride  was  actually  ob- 
served among  the  corrosion  products  of  only  one  of  the  corroded 
Corinthian  bronze  objects,  and  this  not  wdth  entire  certainty,  the 
fact  that  cuprous  chloride  is  formed  as  a  primary  corrosion 
product  when  such  bronze  is  corroded  by  water  containing  chlo- 
ride ion  was  clearly  demonstrated  by  the  results  of  the  experi- 
ments on  the  corrosion  of  a  specimen  of  this  bronze.  The  forma- 
tion of  cuprous  chloride  as  a  primary  corrosion  product  when 
pure  copper,  itself,  is  corroded  by  the  action  of  dilute  chloride 
solutions  was  observed  by  Evans.^'  That  the  same  compound  is 
formed  as  a  primary  product  in  the  corrosion  of  copper  by  sea 
water  was  observed  by  Bengough  and  May.-®  A  few  investiga- 
tors have  definitely  identified  cuprous  chloride  as  a  corrosion 
product  of  ancient  bronze  and  copper  objects  which  were  kno's\Ti 
to  have  been  corroded,  or  which  were  presumably  corroded,  in 
the  presence  of  water  containing  chlorides.    The  earliest  in- 

-'' Metallic  Corrosion,  Passivity,  and  Protection,  London,  1937,  p.  365. 
■^6, J.  Inst.  Metals,  32,  101-102  (1924). 
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vestigator  to  notice  the  presence  of  cuprous  chloride  among  the 
corrosion  products  of  ancient  bronze  objects  appears  to  have 
l>eeii  Rosenberg,*'  who,  by  an  examination  of  its  physical  prop- 
erties and  by  means  of  analyses  made  for  him  by  Baggesgaard- 
Sasmussen,  was  able  to  identify  as  cuprous  chloride  a  distinc- 
tive corrosion  product  isolated  from  certain  ancient  bronzes. 
Oettens    appears  to  have  been  the  first  to  identify  cuprous  chlo- 
ride as  a  corrosion  product  of  ancient  copper  objects.   In  some 
of  the  specimens  of  corroded  copper  nails  about  3500  years  old 
from  Nuzi  in  Iraq  which  he  examiued,  cuprous  chloride  was 
found  to  be  a  principal  component  of  the  corrosion  })r()du('ts. 
The  present  writer  fouiul  cuprous  chloride  to  be  a  princii)al  com- 
ponent of  the  corrosion  products  of  many  of  the  extensively  cor- 
roded bronze  and  copper  objects  recovered  from  deep  wells  at 
the  site  of  the  Athenian  Ajj^ora.    It  seems  likely,  incidentally, 
that  the  poor  state  of  preservation  of  these  objects  may  be  ex- 
plained in  much  the  same  way  as  that  of  the  bronze  objects  of 
Corinth  since  the  water  of  these  wells,  like  that  of  the  Fountain 
Peirene,  contains  chloride  ion  in  much  higher  concentration  than 
is  usual  in  subterranean  water.    Most  of  the  cuprous  chloride  in 
or  on  the  objects  from  the  wells  of  the  Athenian  Agora  was  soft, 
colorless,  and  translucent  without  visible  crystalline  form,  some 
of  it  was  soft,  translucent,  and  without  crystalline  form  but  was 
stained  various  shades  of  blue  or  green  from  the  presence  of 
small  amounts  of  admixed  cupric  compounds,  and  some  of  it  oc- 
curred in  the  form  of  small,  brilliant,  colorless,  translucent, 
tetrahedral  crystals,  which  corresponded  in  every  respect  to  the 
crystalline  form  of  the  rare  mineral,  nantokite.-'*    That  cuprous 
chloride  is  a  corrosion  i)ro(liu't  of  ancient  copper,  when  this 
metal  is  corroded  in  the  pi'csence  of  watci*  containin^i'  chloi-ide 
ion,  must,  therefore,  be  considered  an  cstablislicd  fact.  That 
the  same  compound  was  formed  in  the  course  of  the  corrosion  of 
the  copper  in  Corinthian  bronze  seems  certain  also. 

It  was  observed  both  by  Gettens  and  the  present  writer  that 
the  cuprous  chloride  in  the  corrosion  products  of  ancient  bronze 

27  Op.  cit.,  pp.  70-72. 
Loe.  eit. 

Tt  seems  scarecly  necrss.iry  to  point  out  that  these  observations  on  the  forma- 
tion of  cuproua  chloride  in  the  corrosion  of  ancient  copper  objectH  show  conclusively 
that  the  natural  cuprous  chloride,  nantokite,  may  originate  from  the  action  of  saline 
or  slightly  saline  water  on  native  copper. 
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and  copper  objects  almost  invariably  occurs  next  to  uncorroded 
metal  and  never  in  the  outermost  layers  of  these  corrosion  prod- 
ucts. This,  and  the  fact  that  cuprous  chloride  has  never  been 
found  in  the  corrosion  products  of  completely  corroded  bronze 
and  copper  objects,  show  clearly  that  cuprous  chloride  is  an 
initial  and  unstable  corrosion  product,  not  a  final  and  stable 
product  of  corrosion.  Indeed,  cuprous  chloride  is  such  an  un- 
stable compound  in  the  presence  of  oxygen  and  water  that  its 
survival  is  not  to  be  expected  under  normal  conditions  even  in 
objects  that  contain  much  uncorroded  metal.  In  the  presence  of 
an  abundant  supply  of  oxygen  and  of  moisture,  cuprous  chloride 
is  so  very  unstable  that  its  formation  is  probably  only  transitory 
in  chloride  solutions  in  which  an  abundant  supply  of  air  reaches 
the  corroding  metal.  This  was  apparently  what  happened  in  the 
first  experiment  on  the  corrosion  of  a  specimen  of  Corinthian 
bronze  where,  because  of  frequent  exi)osure  of  the  corroiling 
metal  to  the  air,  no  visible  amount  of  cuprous  chloride  was 
formed.  On  the  other  liand,  in  the  second  experiment,  where  the 
supply  of  oxygen  to  the  metal  was  deliberately  restricted  by 
keeping  tlie  bronze  specimen  submerged  in  the  chloride  solution 
and  by  restricting  the  supply  of  air  to  the  surface  of  this  solu- 
tion, cuprous  chloride  was  formed  in  visible  amount.  When 
copper  is  corroded  in  porous  soil  by  the  intermittent  action  of 
subterranean  water  containing  chlorides,  or  in  any  other  situa- 
tion where  oxygen  may  freely  reach  the  surface  of  the  corrod- 
ing metal,  cuprous  chloride  cannot,  therefore,  be  expected  to 
survive  long  as  a  corrosion  product.  Necessary  also  for  the 
formation  of  cuprous  chloride  as  more  than  a  mere  transitory 
product  is  the  corrosion  of  the  copper  in  a  somewhat  restricted 
volume  of  water,  since  a  large  volume  of  water,  especially  if  re- 
newed constantly,  would  certainly  dissolve  the  cuprous  chloride 
as  fast  as  it  was  formed  in  s])ite  of  the  low  solubility  of  this  salt 
in  w^ater.  ^foreover,  cuprous  chloride  is  not  only  dissolved  but 
is  actually  decomposed  by  an  abundant  excess  of  water.  Hence 
the  formation  of  cuprous  chloride  as  more  than  a  transitory  cor- 
rosion product  is  not  to  be  exjx'cted  in  flowing  water,  nor  in  a 
large  volume  of  stagnant  water,  even  when  the  supply  of  oxygen 
reaching  the  surface  of  the  corroding  metal  is  meager.  Obvi- 
ously the  ideal  condition  for  the  survival  of  cuprous  chloride 
as  a  corrosion  product  of  copper  in  water  containing  chloride  ion 
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is  the  submersion  of  the  metal  in  a  small  volume  of  such  water 
Away  from  free  access  to  air.  This  very  condition  appears  to 
account  for  the  occurrence  of  cuprous  chloride  in  relatively 
large  amount  as  a  corrosion  product  of  the  bronze  and  copper 
objects  recovered  from  among  the  debris  near  the  bottom  of  the 
deep  wells  of  the  Agora.  Such  an  ideal  condition  for  the  sur- 
vival of  cuprous  chloride  as  a  corrosion  product  is  obviously  not 
of  frequent  occurrence,  and  probably  did  not  exist  for  the  bronze 
buried  in  the  ground  at  Corinth.  Therefore,  the  general  absence 
of  cuprous  cliloride  in  the  actual  corrosion  products  of  Corin- 
thian bronze  objects  is  not  surprising. 

The  second  stjig'e  in  tlie  corrosion  of  tlie  copper  in  Corinthian 
bronze  was,  then,  tlie  formation  of  cuprous  chloride  at  the  anodic 
areas  of  the  corroding  metal  in  accordance  with  the  equation : 

Cu^  +  CI-  ^  CuCl. 

In  spite  of  the  absence  of  cuprous  chloride  in  the  actual  corrosion 
products  of  Corinthian  bronzes,  it  nevertheless  seems  probable 
that  nearly  all  the  copper  in  such  bronzes  did  enter  into  combina- 
tion as  cuprous  chloride  during  the  course  of  their  corrosion. 

This  not  only  seems  probable  from  the  low  solubility  of  this  salt 
and  from  the  probable  effect  of  this  low  solubility  on  the  ionic 
(Mjnilibria  at  the  anodic  areas  of  the  corrodiuu;  copper,  but  it  also 
seems  probable  from. the  nature  r)f  the  actual  corrosion  products 
and  from  the  mode  of  occurrence  of  cui)rous  chloride  that  has 
survived  in  the  corrosion  products  of  ancient  bronze  and  copper 
objects  which  have  undergone  corrosion  in  water  containing  chlo- 
ride ion.  For  example,  in  many  such  objects  from  the  wells  of 
the  Agora,  the  corroding  copper  was  not  only  completely  sur- 
rounded by  cuprous  chloride  but  no  other  corrosion  products 
were  present  in  the  layers  of  cuprous  chloride  next  to  the  cor- 
roding metal.  This  mode  of  occurrence  certainly  indicates  that 
the  cuprous  chloride  was  formed  as  the  sole  initial  solid  cor- 
rosion product  and  that  all  the  other  corrosion  products  were 
formed  from  this  salt.  In  view  of  the  nature  of  the  corrosion 
products  now  found  on  Corinthian  bronzes,  and  in  view  of  the 
ground  conditions  at  Corinth,  it  seems  probable,  moreover,  that 
the  cuprous  chloride  ioi  med  during  tlie  corrosion  of  such  bronzes 
was  decomposed  soon  after  it  was  formed. 
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Tlio  decomi)usitioii  of  (•u})r()iis  eliloride  in  tln^  j>reseuce  >: 
water  and  oxv*»:en  occurs  both  bv  hvdrolvsis   and  oxidaii  i 
That  the  rate  of  decompoKition  and  the  nature  of  tlie  produr 
varies  greatly  according  to  the  conditions  under  which  the  d- 
composition  takes  place  has  been  shown  experimentally  fe: 
Groger,***  and  especially  by  Bengough  and  May.**    In  the 
composition  of  cuprous  chloride  by  distilled  water  contaimu 
oxygen  in  the  form  of  dissolved  air,  the  nature  of  the  product- 
varies  according  to  temperature,  time,  concentration  of  oxycrtL 
and  the  ratio  of  the  mass  of  the  salt  to  the  mass  of  the  wat«T. 
Since  the  decomposition  of  cuprous  chloride  in  natural  corrosii: 
processes  takes  place  at  nearly  a  fixed  tem])erature,  and  >mD 
the  time  factor  may  l)e  considei'cd  indefinitely  louir,  the  conceii 
tration  uf  dissolved  oxygen  and  tlie  ratio  of  the  masses  of  i\y 
salt  and  the  water  are  the  important  factors  from  the  standpoint 
of  the  present  investigation.    When  the  water  is  jii-esent  i: 
ample  excess,  only  the  concentration  of  the  dissolved  oxygen 
important. 

That  cuprous  chloride  is  readily  decomposed  even  by  watf^^ 
free  from  oxygen  was  shown  by  Groger,  who  investigated  tbe 
nature  of  the  products  formed  when  the  salt  is  treated  with  sur 
cessive  portions  of  freshly  boiled  water  in  an  atmosphere  of 
hydrogen  or  of  carbon  dioxide.  The  residue  resulting:  from  tli* 
complete  decomposition  of  the  salt  by  such  treatment  was  fomMi 
to  consist  mostly  of  cuprous  oxide.  The  effect  of  different  con-  | 
centrations  of  dissolved  oxygen  was  studied  by  Benti:oiio:li  anil  ' 
May  in  tlie  foHowing  manner.  A  small  fixed  amount  (0.5  g.)  ui 
cuprous  chloride  was  placed  in  each  of  a  series  of  vessels  of  de- 
creasing diameters,  and  a  fixed  volume  of  ordinary  distilk-ii 
w^ater  was  added  to  each  vessel.  In  this  way  the  cui)roiis  chlo- 
ride was  immersed  in  increasing  depths  of  water,  and  as  a  conse- 
quence atmospheric  oxygen  was  less  and  less  readily  available  to 
react  with  the  cuprous  chloride  or  its  hydrolytic  decomposition 
products.  In  the  vessel  in  which  the  depth  of  water  was  the 
least  (2.6  cm.),  basic  cupric  chloride  was  formed  as  the  sole 
solid  decomposition  product.  In  all  the  others,  cuprous  oxide 
was  formed  in  addition  to  basic  cupric  chloride.  Bengough  and 
May  also  studied  the  effect  of  different  ratios  of  mass  of  water 

80  7.  anorg.  Chem.,  28,  154-161  (1901) 
31  J.  Inst.  Metals,  32,  108-120  (1924). 
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to  mass  of  salt,  though  these  experiments  necessarily  involved  to 
some  extent  the  effect  of  different  concentrations  of  dissolved 
oxygen.   Volumes  of  distilled  water  ranging  from  2  to  500  cc. 
were  added  to  the  same  fixed  amount  (0.5  g.)  of  cuprous  chlo- 
ride, and  the  composition  of  the  solid  residues  was  determined 
after  24  hours.   In  the  two  experiments  in  which  the  smallest 
volumes  of  water  were  used,  no  cuprous  oxide  could  be  detected 
in  the  residues,  which  ai)iK'aro(l  to  contain  only  basic  cupric  chlo- 
ride as  a  (locomposition  product.    In  all  the  other  experiments 
euprous  oxide  was  present  in  the  residues,  and  it  was  present  in 
increasing  projiortion  as  the  volume  of  water  increased.    In  the 
ex|)eriment  in  which  the  laru:est  volume  ot'  water  was  used,  cu- 
l>r(jus  oxide  was  almost  the  sole  solid  decomposition  ])roduct, 
rmly  a  slight  amount  of  basic  cupric  chloride  being;  formed.  The 
tlecomposition  of  the  cuprous  chloride  was  incomplete  in  most  of 
these  experiments  at  the  time  they  were  terminated.    In  another 
experiment  by  Bent^ough  and  May  in  whicli  0.5  »>:,  of  cuprous 
chloride  was  treated  with  a  large  volume  (400  cc.)  of  water,  and 
in  which  the  supply  of  atmospheric  oxygen  reaching  the  surface 
of  the  liquid  was  restricted,  the  decomposition  of  the  salt  was 
complete  at  the  end  of  six  days,  and  the  final  decomposition 
product  was  found  to  consist  mainly  of  cuprous  oxide,  the  re- 
mainder being  basic  cupric  chloride.   In  all  these  experiments 
about  a  third  of  the  copper  in  the  decomposed  cuprous  chloride 
was  oxidized  to  soluble  cupric  ion.    Apparently  when  the  supply 
of  oxygen  is  restricted,  the  decomposition  of  the  salt  proceeds 
largely  by  hydrolysis  and  autoxidation,  but  when  the  supply  of 
oxy.o^en  is  anii)le,  the  de(M)nii)ositif>n  proceeds  largely  by  oxidation 
processes,  not  by  hydrolysis.    Though  the  jironounced  effect  of 
large  volumes  of  watei'  in  determining  the  nature  of  the  de- 
composition ])ro(lucts  is  considered  by  Kengough  and  May  to  be 
mainly  the  result  of  a  restriction  of  the  supply  of  atmospheric 
oxygen,  it  seems  rather  moi'e  likely  that  the  effect  of  a  large 
excess  of  water  is  mainly  that  of  furthering  the  hydrolytic  de- 
composition of  the  salt  by  making  possible  the  free  diffusion  of 
the  hydrogen  and  chloride  ions,  formed  on  hydrolysis,  away  from 
the  immediate  neighborhood  of  the  decomposing  salt,  so  that 
these  products  do  not  accumulate  there  in  considerable  concen- 
tration and  thus  hinder  the  further  decomposition  of  the  salt  by 
hydrolytic  action. 
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The  conditions  maintained  in  the  particuhir  experiments  of 
Bengough  and  May  just  described  are  not  however  the  conditions 
which  actually  exist  during  the  decomposition  of  the  cuprous 
chloride  formed  in  the  conrse  of  the  natural  corrosion  of  copper. 
In  the  decomposition  of  cuprous  chloride  that  is  formed  as  a 
natural  corrosion  product  the  water  contains  chloride  ion  and 
the  decomposition  occurs  in  the  presence  of  a  surface  of  metallic 
copper.   Bengough  and  May  showed  by  further  exx)eriment» 
that  the  chloride  ion  concentration  may  be  important  in  deter- 
mining the  nature  of  the  ultimate  products  of  the  decomposition 
of  cuprous  chloride  in  water  containing  dissolved  oxygen.  When 
the  chloride  ion  concentration  is  very  high,  as  in  sea  water,  cu- 
prous oxide  does  not  ai)pear  as  an  ultimate  solid  dooompositioii 
product,  the  ])r()(luct  always  being  basic  cupric  chloride.  Evi- 
dently a  very  high  concentration  of  chloride  ion  so  represses  the 
hydrolytic  decomposition  of  the  cuj)rous  chloride  that  no  cuprous 
oxide  is  formed.    With  decreasing  concentrations  of  chloride 
ion  more  and  more  cuprous  oxide  and  less  and  less  basic  cupric 
chloride  appear  as  decomposition  products,  provided  always  that 
the  volume  of  the  water  is  large.    Thus,  for  example,  on  treating 
a  0.5  g.  portion  of  cuprous  chloride  with  a  large  volume  of  a  one 
hundredth  of  one  per  cent  solution  of  sodium  chloi-ide,  Bengrongh 
and  May  found  that  cuprous  oxide  was  formed  in  large  propor- 
tion just  as  in  distilled  water.   Hence  with  concentrations  of 
chloride  ion  as  low  as  that  in  the  subterranean  water  at  Corinth 
the  effect  of  chloride  ion  is  not  very  important.   In  the  presence 
of  a  copper  surface,  cupric  ions  do  not  appear  in  noticeable 
amount  as  a  decomposition  product  of  the  cuprous  chloride,  as 
was  also  shown  experimentally  by  Bengough  and  May.   In  their 
experiments  discs  of  cop]ier  foil  were  placed  on  the  bottoms  of 
beakers  and  various  amounts  of  cuprous  chloride  were  placed  on 
these  discs,  after  which  100  cc.  of  distilled  water  was  added  to 
each  beaker,  and  watch  glasses  were  placed  on  the  beakers.  At 
the  end  of  twenty  days  the  one  disc  which  had  been  covered  with 
a  lieap  of  cn])rous  chloride  had  entirely  disa]i])eared,  and  the 
solution  contained  cui)ric  ion  in  noticeable  amount.    Tn  the  tw(^ 
others  where  less  cuprous  chloride  was  present  the  copper  bad 
not  corroded  awav  in  this  time,  nor  was  it  corroded  awav  on  con- 
tinuing  the  experiments  for  twelve  days  longer.   At  the  end  of 
this  second  period  of  standing,  the  solution  in  the  vessels  was 
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"tested  for  tlie  presence  of  cuiiric  copper  by  the  addition  of  am- 
xnonium  hydroxide  but  no  reaction  was  observed.  The  product 
cjf  the  decomposition  of  the  cuprous  chloride  in  these  two  ex- 
;periinents  was  a  mixture  of  cuprous  oxide  and  basic  cupric  chlo- 
iride.  As  long  as  metallic  copper  is  present,  these  then  are  the 
decomposition  products  of  cuprous  chloride  when  this  salt  is  de- 
composed by  the  action  of  an  ample  excess  of  water  containing 
dissolved  oxygen. 

From  the  results  of  all  these  experiments  it  is  to  be  expected, 
"tlieref  ore,  that  cuprous  oxide  and  basic  cupric  chloride  would  be 
"the  ultimate  products  of  the  decomposition  of  the  cnj)rous  chlo- 
xide  formed  in  the  course  of  the  corrosion  of  the  copper  in  Co- 
■rinthian  bronzes,  and  these  very  products,  it  will  be  noted,  are 
the  ones  which  were  found  l)y  analysis  to  be  present  in  the  cor- 
rosion products  of  such  bronzes.    Moreover,  since  the  analyses 
show  that  cuprous  oxide  is  present  in  these  cori-osion  products  in 
overwhelming  proportion  as  compared  to  l)asic  cupric  chloride, 
the  results  of  these  experiments  indicate  that  the  decomposition 
of  the  cuprous  chloride  ))robji})ly  took  ])lace  by  the  action  of  con- 
siderable quantities  of  water.    This  in  turn  seems  to  indicate 
that  the  corrosion  of  the  bronzes  occurred  in  soil  often  saturated 
with  subterranean  or  surface  water,  not  merely  moistened  with 
it.    In  general,  the  relative  proportion  of  cuprous  oxide  and 
basic  cuprous  chloride  in  the  corrosion  products  of  ancient 
bronze  and  copper  objects  which  have  undergone  corrosion  by 
the  action  of  water  containing  chlorides  may  provide  a  valuable 
clue  to  the  ground  conditions  that  prevailed  during  the  corrosion 
of  such  objects. 

From  the  results  of  the  experiments  which  have  been  de- 
scribed, and  from  the  results  of  the  analyses  which  were  made 
of  the  corrosion  products  of  Corinthian  bronze,  it  seems  very 
probable,  then,  that  the  cuprous  oxide  which  occurs  as  the  prin- 
cipal corrosion  product  was  produced  from  cuprous  chloride 
lart»ely  by  the  hydrolytic  decomposition  of  this  salt.  This  hy- 
drolytic  decomposition  reaction  may  be  represented  by  the 
equation : 

2CuCi  +  H.O     Cu,0  +  2H^  +  2C1 . 

As  indicated  by  the  equation,  hydrochloric  acid  was  released  in 
the  solution  by  this  hydrolysis  of  the  cuprous  chloride,  and  not 
only  were  the  original  chloride  ions  restored  to  the  solution  but 
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an  equivalent  niimlxT  of  hydrogen  ions  were  releasi'd  at  the  -^arae 
time,  and  these  may  have  tended  to  increase,  locally  and  tempo- 
rarily, the  rate  of  the  corrosion  of  the  bronze  in  the  same  wav  as 
the  hydrogen  ions  released  by  the  hydrolysis  of  the  stannic  chlo- 
ride produced  in  the  course  of  the  corrosion  of  the  tin.  On  the 
other  hand,  as  long  as  these  hydrogen  ions  remained  in  the  im- 
mediate neighborhood  of  the  decomposing  cuprous  chloride,  the 
hydrolysis  of  this  salt  probably  could  not  proceed  to  completion. 
However,  these  hydrogen  ions  probably  did  not  accumulate  in 
the  neighborhood  of  the  decomposing  salt  and  so  hinder  its  com- 
plete hydrolysis  since  they  probably  diffused  away  or  were  car- 
ried away  by  the  movement  of  the  water,  or,  more  probably  still, 
were  soon  neutralized  by  the  hydroxyl  ions  present  in  equiv^alent 
amount  at  the  catliodic  areas  of  the  corrodini?  copper,  either 
through  the  dilTusion  of  these  ions  toward  each  other  or  through 
the  moyemeiit  and  eonsecpient  mixing  of  the  liquid. 

Though  some  cupric  ions  aiising  from  the  dissolution  of  tin* 
metal  or  from  the  autoxidation  of  cuprous  ions  were  always  jire>.- 
ent  in  the  film  or  layer  of  solution  around  the  corroding  co])])«m-. 
additional  cupric  ions  were  undoubtedly  formed  to  some  extent 
by  the  oxidation  of  cuprous  ions  by  the  oxygen  dissolved  in  the 
subterranean  water,  especially  in  parts  of  the  film  or  layer  of 
solution  not  immediately  next  to  the  metal  surface.  This  oxida- 
tion may  be  represented  by  the  equation : 

4Cu^  4-  0.  +  2H.0     4Cu  -  +  40H-. 

The  hydroxyl  ions  so  produced  must  have  united  almost  at  once, 
however,  with  part  of  the  cupric  ions  to  form  slightly  soluble 
hydrated  cupric  oxide  in  accordance  with  the  equation : 

Cu*^  +  20H  -^Cu(OH),. 

Some  hydrated  cupric  oxide  may  also  have  formed  by  the  union 
of  cupric  ions  with  hydroxyl  ions  produced  at  the  cathodic  areas 
of  the  corroding  copper.    In  the  presence  of  the  other  cupric 

ions  aiul  the  chloride  ions  present  in  abundance  in  the  solution, 

this  coni])onnd  probably  did  not  long  exist  by  itself  but  combined 
with  some  of  Ihcsc  ions  to  form  the  more  stable  and  still  more 
insoluble  basic  cupric  chloride,  atacamite,  a  transformation 
vyhich  may  be  represented  by  the  equation: 

3Cu(OH)2  +  Cu**  +  2C1-  ->  3Cu(0H)a-CuCU. 
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That  hydrated  cupric  oxide  actually  n^acts  readily  with  oupric 
ions  and  chloride  ions  to  form  this  basic  cupric  chloride  was 
demonstrated  by  Sabatier,'^  who  found  that  he  could  easily  pro- 
pare  this  particular  basic  salt  by  treating  the  hydrated  oxide 
with  a  cold  dilute  solution  of  cupric  chloride. 

From  the  frequent  occurrence  of  basic  cupric  chloride  as  the 
principal  corrosion  product  on  the  exterior  of  highly  corroded 
l>Tonze  and  copper  objects  in  which  cuprous  oxide  is  the  pre- 
dominant substance  in  the  corrosion  products  as  a  whole,  it  is 
jjrobable  that  some  basic  cupric  chloride  is  often  formed  by  the 
alteration  of  cuprous  oxide.    Probably  cuprous  ions  arisinj;* 
I'rom  the  dissolution  of  cuprous  oxide  in  a  film  or  layci-  of  water 
j^urroundinji,  a  buried  object  of  this  soi't  are  oxidized  by  air  or 
dissolved  oxygen  with  the  subsequent  formation  of  the  basic 
chloride  by  much  the  same  mechanism  as  was  suj^gested  for  its 
more  direct  formation.    Because  of  the  very  low  solubility  of 
cuprous  oxide,  this  change  must,  however,  be  very  slow  in  Hpite 
of  the  unusually  favorable  conditions  for  the  oxidation  of 
cuprous  ions  at  the  outside  surface  of  a  highly  corroded  object. 
How  slowly  this  transformation  really  occurs  is  indicated  by 
the  fact  that  the  layer  of  basic  cupric  chloride  on  the  outside 
surface  of  such  objects,  such  as  that  found  on  the  (^orinthian 
strigil  handle,  is  often  very  thin  even  after  centuries  of  corrosive 
action. 

In  previous  explanations  of  the  mode  of  fonnation  of  basic 
cupric  chloride  as  a  corrosion  product  of  ancient  bronze  or 

copper,  it  has  been  generally  assumed  that  molecuhir  cuprous 
chloride  was  oxidized  directly  to  basic  cui)ric  cliloride,  and  even 
that  cuprous  oxide  was  simultaneously  involved  in  the  foinia- 
tion  of  this  basic  salt.  Tlic.-^i;  e'Xplanaiions  have  nsnally  in- 
cluded the  formulation  of  eomplieated  efjiiatirjns  with  larj<'' 
numerical  coefficients  before  the  formulas  of  tlu*  reaetinj^  suh- 
stances.  Since  the  correctneHs  of  such  (•<\uni\()i\s  is  irilierently 
very  improbable,  it  seems  to  the  writer  tliat  the  preHont  simpler 
explanation  is  considerably  nearer  the  truth. 

Because  of  their  insolubilitv  and  mai  kf-d  (chemical  stabilitv, 
these  two  corro.sion  products  of  Corinthian  bronw;,  cuprouM 
oxide  and  basic  cupric  chloride,  undem'ent  little  or  no  tranK- 
formation  into  other  conifK^unds  in  the  courw  of  the  centuri*'M, 

*iCompt.  T^nd^  V25,  iO-i  d^'Jl ,. 
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even  into  the  very  stable  basic  copper  carbonate,  malachite. 
A  small  amount  of  this  basic  copper  carbonate,  which  apparently 
had  originated  from  the  alteration  of  one  of  these  products, 
was  indeed  detected  on  the  outside  surface  of  the  corroded  strigil 
handle,  and  a  trace  of  carbonate  was  detected  in  the  corroded 
remains  of  the  strigil  blade,  but  in  general  the  analytical  ex- 
amination  of  the  corrosion  products  of  the  various  Corinthian 
bronze  objects  yielded  little  indication  of  the  transformation  of 
the  cuprous  oxide  or  the  basic  cupric  chloride  into  this  basic 
copper  carbonate  or  into  any  other  copper  compound.    It  is 
interesting  to  note  that  Gettens     also  found  but  a  tracts  of 
carbonate  in  the  hii'lily  con-oded  remains  of  some  verv  ancient 
copper  nails,  which,  from  the  presence  of  cuprous  oxide  and 
copper  chlorides  as  principal  corrosion  products,  evidently  had 
been  corroded  in  the  presence  of  water  containing-  chloi-idc^s. 
The  results  of  the  present  investi,i;ati()ii  ceitainly  show  that 
basic  copper  carbonate  is  not  formed  as  a  primary  corrosion 
product  in  the  presence  of  water  containing  chloride  ion  in 
sufficient  concentration,  even  when  much  bicarbonate  ion  is  also 
present  in  the  water,  and  they  show,  moreover,  that  basic  copper 
carbonate  is  formed  only  in  small  amount  as  a  secondary  prod- 
uct when  copper  is  corroded  under  these  conditions.   This  ab- 
sence of  basic  copper  carbonate  as  a  corrosion  product  may 
perhaps  be  surprising  in  view  of  the  general  opinion  among 
chemists,  as  indicated  by  their  statements  in  numerous  chemical 
works,  that  basic  copper  carbonate,  especially  in  the  form  of 
malachite,  is  invariably  a  principal  product  of  the  corrosion 
of  copper  under  nalural  conditions.    The  absence  of  basic 
co])per  carbonate  as  a  corrosion  product  of  Corinthian  bronze 
is,  however,  by  no  means  a  special  phenomenon.  Examination 
by  the  writer  of  the  corrosion  products  of  a  considerable  num- 
ber and  vai  iety  of  ancient  bronze  and  copper  objects  has  con- 
vinced him  that  this  compound,  contrary  to  all  such  statements, 
does  not  occur  frequently  as  a  principal  component  of  the  cor- 
rosion products  of  ancient  bronze  and  copper  objects,  and  in 
fact  is  often  not  present  at  all  in  sensible  amount.  Moreover, 
as  has  been  shown  by  some  recent  investigations,'*  basic  copper 

«8  Loc.  cit. 

>4See  especially,  Vernon  and  Whitbj,  /.  Inst.  MeiaU,  42,  181-202  (1929),  and 
Vernon,  ibid.,  52,  93-100  (1933). 
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tvirbonate  is  not  oven  the  principal  component  of  the  green 
patina  formed  on  bronze  and  copper  objects  which  have  been 
ex])r)sed  for  a  long  time  in  the  open  air,  the  principal  component 
of  this  green  patina  being  basic  copper  sulfate,  basic  copper 
chloride,  or  an  intimate  mixture  of  the  two.    The  truth  appears 
to  be  that  no  sound  experimental  basis  exists  for  the  various 
statements  which  have  been  made  as  to  the  invariable  forma- 
tion of  basic  copper  carbonate  as  the  principal  product  of  the. 
corrosion  of  copper  under  natural  conditions. 

The  chemistry  of  the  corrosion  of  the  tin  and  the  chemistry 
of  the  corrosion  of  the  copper  in  Corinthian  bronze  have  now 
been  considered  separately  as  though  the  chemical  changes 
which  occurred  during  the  corrosion  of  the  one  metal  took  place 
quite  independently  of  those  which  occurred  during  the  cor- 
rosion of  the  other.    In  reality,  however,  tlicse  two  sets  of 
chemical  clianges  did  not  tjike  place  indejjendently,  the  chemical 
properties  of  the  two  metals  and  the  chemical  projx'rties  of 
some  of  the  corrosion  products  of  these  metals  heinii:  such  that 
cei'tain  chemical  interactions  must  have  occurred.    In  iicncral, 
chemical  interactions  could  have  occurred  between  one  of  the 
metals  and  cei'tain  of  the  coi'rosion  ])i()(lucts  of  the  other,  be- 
tween solid  solutions  or  compounds  of  the  two  metals  and  cer- 
tain corrosion  products  of  either  metal,  and  between  certain 
corrosion  products  of  the  two  metals.    As  a  specific  example  of 
such  interaction,  it  is  very  probable  that  any  cupric  ions  which 
came  into  contact  with  metallic  tin  on  the  surface  of  the  alloy, 
or  with  a  solid  solution  or  compound  of  tin  and  copper  which 
had  the  proper  potential  toward  such  ions,  were  at  once  reduced 
to  metallic  copper  with  the  resultant  production  of  an  equal 
number  of  stannous  ions  in  accordance  with  the  equation : 

Cu**  4-  Sn     Sn''  -f-  Cu. 

In  this  way  some  copper  which  had  already  dissolved  was  pre- 
cipitated on  the  surface  of  the  corroding  alloy.    That  such 

precii)itation  of  copper  does  occur  is  at  least  strongly  indicated 
by  the  occasioned  jjresence  of  brinlit  crystals  of  copj)er  next  to, 
or  near  to,  the  metallic  core  of  bronzes  whieh  have  undergone 
severe  corrosion.  Excellent  specimens  of  sncli  crystals  were 
observed  by  the  writer  amon^  tlie  corro^i(Ui  jjrorlucts  of  deeply 
corroded  bronzes  taken  from  some  of  the  wells  of  the  Athenian 
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Agora.    Of  course  it  must  be  admitted  that  the  existence  of 
such  copper  crystals  is  not  conclusive  ])roof  that  tliey  oriuiuated 
in  this  particular  way  since  they  also  could  have  ori<4-in<itt't I  hy 
the  auto-rcduction  of  cuprous  chloride  or  by  the  action  of  local 
currents  uenerated  from  inequalities  in  the  concentration  <>f 
copper  ions  in  the  licpiid  around  the  corroding-  alloy.    Sooiir  r 
or  later  such  X)recij>itated  copper  must  hav^e  again  dissolved  and 
passed  through  the  same  stages  in  corrosion  as  any  other  copper 
in  the  alloy,  and,  in  general,  the  substances  formed  by  any  of 
these  chemical  interactions  between  metals  and  corrosion  prod- 
ucts or  between  the  corrosion  products  themselves  probably 
passed  ultimately  through  the  same  stages  in  corrosion  as  any 
of  the  other  substances.    In  other  words  these  chemical  inter- 
actions did  not  really  alter  the  general  course  of  the  chemical 
changes  which  occurred  during  the  corrosion  of  the  tin  and  the 
copper.   For  this  reason  it  does  not  seem  necessary  to  discuss 
all  these  possible  interactions  in  detail. 

Little  consideration  also  need  be  given  here  to  the  chemical 
changes  which  occurred  in  the  course  of  the  corrosion  of  the 
minor  components  of  early  Corinthian  bronze  such  as  the  lead 
and  the  iron.    As  shown  by  the  analytical  results  given  in  the 
first  pai  t  of  this  paper,  these  components  of  the  alloy  were  so 
small  in  amount  as  compared  to  the  tin  and  the  cop])cr  tliat  tlu* 
changes  which  occurred  during  their  corrosion  probably  had 
little  elfect  on  the  main  course  of  the  corrosion  of  the  l)ronze  oi* 
on  the  composition  and  structure  of  the  principal  ])roducts  of 
corrosion.    Moreover,  the  difficulty  of  identifying  ex])erimen- 
tally  either  the  intermediate  or  the  final  products  of  the  cor- 
rosion of  these  minor  components  makes  difhcult  any  explana- 
tions of  the  chemical  changes  which  occurred  during  their 
corrosion  that  are  as  soundly  grounded  upon  observed  facts  as 
are  the  explanations  w'hich  are  given  for  the  chemical  changes 
that  occurred  during  the  corrosion  of  the  tin  and  the  copper. 
However,  the  behavior  of  elementary  lead  and  iron,  when  acted 
upon  by  waters  of  the  most  varied  composition,  has  been  so 
thoroughly  studied  by  so  many  investigators  that  the  changes 
which  occurred  during  the  corrosion  of  these  metals  as  com- 
ponents of  Corinthian  bronze  may  be  postulated  with  some  de- 
gree of  confidence.   Thus  it  is  reasonably  certain  that  the  lead 
entered  into  solution  almost  entirely  as  plumbous  ions  with  the 
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)rod.uctiou  of  an  equivalent  amount  of  hydroxyl  ions.    Some  of 
hese  lead  ions  may  then  have  combined  with  chloride  ions  in 
lie  water  to  fonn  sparingly  soluble  lead  chloride  as  an  inter- 
nediate  corrosion  product,  though,  because  of  the  small  amount 
>f  lead  in  the  alloy,  the  consequent  very  small  amount  of  lead 
n  solution  at  any  given  time,  and  the  appreciable  solubility 
of  lead  chloride,  it  seems  rather  unlikely  that  any  of  this  salt 
w^as  so  formed.   It  is  much  more  likely  that  all  the  lead  ions 
combined  almost  at  once  with  hydroxyl  ions  to  form  insoluble 
bydrated  lead  oxide  as  an  intermediate  corrosion  product.  By 
the  action  of  the  bicarbonate  and  the  carbonate  ions  in  the 
water  this  intermediate  product  was  then  transformed  more  or 
less  rapidly  into  basic  lead  carbonate,  the  final  product  of  the 
corrosion  of  the  lead.    Much  of  the  iron  in  Corinthian  bronze 
objects  may  have  actually  been  in  the  form  of  ferric  oxide  be- 
fore corrosion  started,  either  because  it  entered  the  bronze  in 
this  form  or  because  it  was  oxidized  to  this  compound  during 
the  preparation  of  the  bronze  or  during  the  fabrication  of  the 
oV)jocts  from  the  prepared  alloy.    In  the  course  of  corrosion 
any  elementary  iron  in  the  bronze  must  have  entered  into  solu- 
tion  largely  as  ferrous  ions  with  the  production  of  an  equivalent 
quantity  of  hydroxyl  ions.    Most  of  these  ferrous  ions  were 
probably  oxidized  rapidly  to  ferric  ions  by  the  dissolved  oxy- 
gen in  the  subterranean  water.    Some  of  these  ions  may  have 
combined  first  with  hydroxyl  ions  to  form  nearly  insoluble 
hydrated  ferrous  oxide  as  an  intermediate  corrosion  product. 
The  ferric  ions  produced  by  the  direct  oxidation  of  ferrous  ions, 
or  those  produced  by  the  oxidation  of  ferrous  ions  which  had 
first  combined  to  form  hydrated  ferrous  oxide,  then  combined 
rapidly  with  hydroxyl  ions  to  form  a  hydrated  ferric  oxide  as 
the  immediate  final  corrosion  product.   This  compound  prob- 
ably lost  water  gradually  until  a  less  hydrous  ferric  oxide  was 
formed  as  the  final  product  of  the  corrosion  of  the  iron.  Some 
chemical  interactions  involving  these  minor  components  and 
their  corrosion  products  prol)ably  took  place,  but  these  inter- 
actions were  prol)ahly  insignificant  as  compared  to  those  w^hich 
took  place  between  the  major  components  of  the  alloy  and  their 
corrosion  products. 

Though  the  various  chemical  i-eactions  w^hich  occur  during 
the  corrosion  of  buried  bronze  constitute  the  most  important 
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changes  that  take  phice  in  the  transformation  ot*  metal  inic 
corrosion  products,  these  reactions  are  l)y  no  means  the  oiih 
changes  which  occnr.  Various  physical  changes  must  also  w- 
cur,  such  as,  tor  example,  changes  in  the  size  of  the  iudividua' 
particles  of  the  corrosion  products,  changes  in  the  state  it 
aggregation  of  such  particles,  and  changes  in  the  relative  posi- 
tions of  the  different  kinds  of  particles  and  aggregates. 

Though  the  general  composition  of  the  corrosion  produete 
or  patina  of  an  ancient  bronze  may  be  satisfactorily  explained 
on  the  basis  of  chemical  changes,  the  arrangement  of  the  in- 
dividual corrosion  products  in  relation  to  each  other,  or  the 
general  structure  of  the  patina,  often  cannot  be  satisfactonly 
explained  on  the  basis  of  such  changes  alone,  but  must  be  ex- 
plained in  i)art  on  the  hasis  of  physical  changes.    Since  th^^ 
occurrence  of  a  pai'ticular  physical  change,  or  of  n  jiai  lieuiar 
series  of  physical  changes,  during  the  cori-osion  of  an  aiieien* 
bronze  cannot  ordinarily  be  established  with  the  same  ilutrree  of 
certainty  as  the  occurrence  of  a  particular  chemical  change,  or 
of  a  particular  series  of  chemical  changes,  the  existence  of  2 
given  type  of  structure  in  the  patina  of  an  ancient  bronze  is 
usually  not  so  easy  to  explain  as  is  its  general  composition. 
However,  certain  types  of  structure  may  perhaps  be  adequately 
explained  on  the  basis  of  chemical  considerations.    For  ex- 
ample, the  fine  stratified  structure  of  the  patina  of  the  Corin- 
thian strigil  handle,  which  was  described  in  some  detail  before, 
and  of  which  a  magnified  view  is  given  in  the  lower  figure  of 
PL  V,  is  a  type  of  structure  that  may  be  so  explained.  Such 
a  stratified  structure  may  be  the  result  of  periodic  general  cor- 
rosion, a  type  of  corrosive  action  in  which  all  the  ])rocesses  of 
corrosion  proceed  freely  at  a  time  when  conditions  are  favor- 
able, and  then  stop  when  conditions  become  unfavorabU',  only 
to  begin  again,  and  sto])  auain,  and  so  continue  alternately  in 
accordance  with  the  alternations  in  the  conditions.    Thus  in 
the  corrosion  of  buried  bronze  all  the  processes  of  corrosion 
may  pi  oceed  apace  during  periods  of  wet  weather  but  may  cease 
entirely  during  periods  of  dry  weather.    The  very  thin  layer 
of  fresh  corrosion  products  formed  on  the  metal  during  a  given 
wet  period,  when  much  subterranean  water  is  present,  may  be- 
come dried  out  when  the  ground  again  becomes  dry,  and,  in 
doing  so,  shrink  and  become  partly  detached  from  the  metal  sur- 


oopynghicd  niateii 


CORRODED  BRONZE  OF  CORINTH 


747 


face  and  from  the  previous  layer  of  corrosion  products.  In 
tliis  way  many  very  thin  layers  may  be  formed  in  succession 
wliich  are  not  only  distinct  from  each  other  but  may  be  separated 
Ln  part  by  minute  gaps  such  as  those  observed  between  many  of 
tlie  layers  in  the  patina  of  the  strigil  handle.   Instead  of  cor- 
rosion being:  periodic  because  of  the  alternate  cessation  and 
resumption  of  all  corrosive  action  it  may  be  periodic  because 
eei'tain  chemical  reactions  proceed  more  reatlily  under  one  set 
c>-f  conditions  and  others  more  readily  under  another  set  of  con- 
clitions.    In  other  words  cori'osion  proceeds  at  all  times,  but,  in 
accordance  with  the  alternations  in  the  conditions,  certain  re- 
actions will  predominate  and  determine  the  course  of  the  cor- 
rosion and  the  nature  of  the  final  products  at  one  time,  and  other 
reactions  will  predominate  and  determine  the  course  of  the  re- 
actions and  the  nature  of  the  final  products  at  another  time. 
Thus,  as  was  explained  before,  the  decomposition  of  cuprous 
cliloride  during  the  corrosion  of  Corinthian  bronze  probably  did 
not  proceed  rapidly  when  the  amount  of  water  in  contact  with 
the  buried  bronze  was  small  but  did  proceed  rapidly  when  the 
amount  of  water  was  large.   Furthermore,  as  was  also  explained 
before,  basic  cupric  chloride  was  probably  formed  to  a  larger 
extent  as  a  final  corrosion  product  and  cuprous  oxide  to  a  smaller 
extent  when  the  amount  of  water  was  small,  and  the  reverse  was 
probably  true  when  the  amount  of  water  was  large.   In  this  w^ay, 
and  in  general  in  similar  ways,  successive  thin  layers  of  cor- 
rosion products  were  produced  which  alternated  in  composition 
in  accordance  with  the  alternations  in  the  conditions.  More- 
over, these  thin  layers  probably  became  more  distinct  in  the 
course  of  time  as  subterranean  water  preferentially  leached  out 
the  more  soluble  corrosion  ])roducts  from  the  patina.    By  such 
action  the  minute  gaps  observed  between  the  layers  of  the  patina 
of  the  strigil  handle  could  also  have  been  formed.    From  the 
nature  of  the  climate  it  is  likely  that  both  these  ty})es  of  ])eriodic 
corrosive  action  occurred  during  the  corrosion  of  the  bronze 
buried  at  Corinth,  and  it  seems  likely  that  both  types  of  action 
were  of  frequent  occurrence  in  the  corrosion  of  ancient  bronze 
buried  in  many  other  localities.    This  explanation  of  the  origin 
of  a  fine  stratified  structure  in  the  patina  of  ancient  bronze 
seems  more  likely  to  be  true  than  a  possible  alternative  explana- 
tion of  the  origin  of  such  a  structure  by  the  differentiation  of  an 
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original  more  or  less  homogeneous  single  layer  of  conwi^ 
products  into  many  layers  of  different  or  similar  compositiosV 
some  sort  of  periodic  precipitation  process  arising  from  ti? 
dissolution  and  diffusion  of  certain  of  the  substances  in  tb* 
layer. 

Since  the  formation  of  a  fine  stratified  structure  in  the  patk 

of  an  ancient  bronze  appears  to  be  connected  with  >i'a>uL;i 
climatic  clian*»e.s  it  seems  possible  that  the  number  and  Thi  - 
ness  of  the  layers  in  the  patina  may  somehow  servo  as  an  indri 
of  the  lenoth  of  time  the  bronze  was  l)uried,  or  of  the  ]trevale:-: 
of  certain  climatic  conditions  at  certain  times  dnriiii^  tlie  peri.'i 
of  burial.  However,  it  seems  too  much  to  hope  that  the  duil 
her  and  thickness  of  the  layers  in  the  patina  of  an  ancient  bron? 
can  ever  be  of  such  definite  chronological  and  climatic  sis 
nificance  as  the  number  and  thickness  of  the  annual  ring^  i 
the  cross  section  of  an  ancient  log.  Too  many  factors  of  im 
certain  or  unknown  effect  are  probably  involved  in  the  formation 
of  these  layers.  Hence  the  possibility  of  attaching  any  chrono- 
logical significance  to  the  number  of  these  layers  must  ess' 
only  for  objects  of  the  same  composition  buried  at  a  given  site, 
and  even  for  these  the  number  of  the  lavers  mav  be  onlv  <>( 

*  •  • 

relative  and  not  of  absolute  clironoh^nical  sinnilicance.  lu  >p'.t 
of  these  uncertainties  the  possibility  of  attachini;-  some  cliroi;' 
logical  significance  to  the  number  of  layers,  in  special  circuUi 
stances  at  least,  may  be  well  worth  some  investigation. 

An  Interpketation  of  the  Allusion  of  Pausanl\s  to  the 
Treatment  of  Bronze  in  the  Water  of  the 
Fountain  Peirene  " 

One  of  the  few  allusions  made  by  Pausanias  to  technological 
matters  in  his  famous  Description  of  Greece  is  contained  in  the 
short  passage  about  the  Fountain  Peirene  at  Corinth  *•  in  which 
he  incidentally  remarks  that  the  bronze  of  Corinth  was  treated 
by  means  of  the  water  of  this  fountain.  The  text  of  this  par 
ticular  part  of  the  passage  according  to  Spiro is  as  follow?: 

Kcu  rbv  Kopivdiop  xaXxdv  dthirvpOv  Kai  dtpubv  ovra  \)ir6  t^arcn  robrov  fi&xrtoBui 
\iyowriV,  irti  xaXx^  ...  7c  oujc  Ian  Kopivdiois. 

''''  Discussions  with  B.  D.  Meritt  and  O.  Broneer  of  the  Institute  for  Advanc^' 
Study  about  the  meaning  of  eertain  Greek  words  were  of  help  to  the  author  in  writisi 
this  part  of  the  paper. 

S8  Book  II,  Chapter  3. 

ST  Pausaniae  Graeciae  DegeriptiOf  Leipzig,  1903,  Vol.  I,  p.  130. 
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The  difficulties  which  have  been  encountered  in  the  interpre- 
tation of  this  interesting  statement  may  perhaps  be  most  quickly 
a.ii<l  strikingly  indicated  by  the  very  different  wording  of  the 
translations  of  it  which  appear  in  the  three  most  recent  English 
versions  of  this  work  of  Pausanias.  The  oldest  of  these  trans- 
lations is  that  of  Shilleto,'"  which  reads  as  follows : 

and  they  say  that  Corinthian  brass  when  hissing  hot  is  dipped  into  this 
water. 

Frazer'"  gives  the  following  translation: 

and  they  say  that  the  so-called  Corinthian  bronze  gets  its  color  by  being 
plunged  red-hot  into  this  water;  for,  in  point  of  fact,  Corinth  has  no 
bi-onze  of  its  own. 

Tlie  most  recent  translation,  that  of  Jones/"  reads  as  follows: 

and  they  say  that  the  Corinthian  bronze,  when  red-hot,  is  tempered  by 
this  water,  since  bronze  .  .  .  the  Corinthians  have  not. 

The  purpose  of  the  present  rciiiaiks  is  to  show  that  some  of 
the  difficulties,  at  least,  whieli  have  been  encountered  in  the 
interpretation  of  this  statement  of  E*ausanias  may  l)e  i-esolved 
by  the  aid  of  certain  previously  known  technological  facts  and 
from  the  results  of  some  experiments  made  by  the  writer,  espe- 
cially when  these  facts  and  the  results  of  those  exporinrients  are 
considered  in  connection  with  the  other  kinds  of  evidence  which 
are  of  help  in  the  determination  of  the  meaning  of  this  statement. 

Undoubtedly  the  principal  diflSculty  in  the  interpretation  of 
the  first  phrase  of  this  statement,  the  part  preceding  krd,  is  the 
intended  meaning  of  0&TTtff$at,  an  infinitive  form  of  j^drrw,  the  pri- 
mary meaning  of  which  is  dip,  more  especially  with  reference  to 
the  dipping  of  something  in  water  or  some  other  liquid."  This 
is  the  meaning  taken  by  Shilleto  for  his  translation,  but  there  are 
some  very  good  reasons  for  concluding  that  this  is  not  the  in- 
tended meaning  in  this  particular  context.  In  the  first  place,  as 
has  been  pi  evion^ly  pointed  out  by  Frazer     in  refutation  of  a 

Pausjinhis'  D<  s<rii»tinii  of  fJuf-'f  Tr.insl.itcrl  into  Engluth  with  Notes  and 
Index,  London,  1HH6,  Vol,  I,  p.  9").    (Bohii's  Librarv.) 

s»Patuanias'  Description  of  Greece  Translated  with  a  Commentary,  London, 

1898.  Vol.  I,  ]>.  74. 

40  Pausanias'  Description  of  Greece  with  an  Kngli«h  TranHlation,  London  an<l 
New  York,  1918,  Vol.  I,  p.  261.    (The  Loeb  Classical  Library.) 
♦»  Liddell  and  iv  ott  'n  Lexicon,  8.v. 
42  Op.  eii.,  VoU  III,  p.  25. 
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statement  of  Ourtiiis,  tlie  phrase  vto  vdaro^  toOtov  itself  iiidifa*  - 
the  dipping  or  immersion  of  the  ])ronze  in  the  water,  so  lie 
something  more  than  the  bare  sense  of  dipping  is  to  be  attacht-i 
to  fidiTTeadaL,  otherwise  the  statement  of  Pausanias  appears 
duiidant.  ^loreover,  in  most  of  its  actual  uses  the  verb  fiarm 
especially  in  the  passive  voice,  implies  something  more  than  rhr 
mere  act  of  dipping.  It  implies  dipping  for  some  particular 
purpose,  and  more  often  than  not  the  verb  takes  on  a  derived  ot 
secondary  meaning  indicative  of  this  purpose.  If  Paii8aiii&> 
meant  to  use  the  verb  only  in  its  primary  sense  it  then  foDom> 
that  he  is  merely  mentioning  the  act  of  dipping  the  bronze  "with- 
out  g'ivinof  any  hint  as  to  the  purpose  of  this  act,  which  seem- 
ratlier  nnlikely.  Furthermore,  the  second  phrase  of  this  stat*^ 
meiit  of  Pausanias,  tlie  part  heiiinning  with  kirti,  which  is  et-r- 
taiidy  to  be  interi)reted  as  meaninij,"  that  tlie  ])ronzo  was  imt  "f 
hx'al  origin,  seems  to  imply  that  the  metal  was  brouirlit  to  ('it 
rinth  for  working  or  for  treatment  with  the  water  of  the  Foni. 
tain  Peirene  because  of  some  unusual  quality  in  this  water. 
Though  it  must  be  admitted  that  this  implication  is  rather  vagne 
or  awkwardly  phrased  in  the  text  as  it  is  now  known,  this  ap- 
parent vagueness  or  the  apparent  awkwardness  of  phrasinp; 
may  be  chiefly  the  result  of  the  lacuna  considered  by  some  editor* 
to  exist  in  the  text  at  this  point.  Shilleto  avoids  the  difficulty 
inherent  in  the  exact  interpretation  of  this  second  phrase,  and 
its  apparent  bearing  on  the  meaning  of  the  first  phrase,  by  the 
convenient  device  of  ignoring  it  altogether  in  his  translation. 
That  ^aTTTeadai  meant  that  the  bronze  was  merely  di])ped  ur 
phinued  does  not,  therefore,  seem  likely,  and  it  was  i)robal)ly  for 
reasons  such  as  those  just  i>:iven  that  this  interi^retation  of  it> 
meaniui!;  in  this  context  was  rejected  by  the  two  translators  oi 
Pausanias  who  followed  Shilleto.  However,  as  is  shown  l>y 
their  translations,  Frazer  and  Jones  attach  radically  dilYcnut 
meanings  to  fi6.TTta$<u  both  of  which  are  possible  from  the  way 
the  verb  /Sairra)  is  used  by  other  writers.  The  problem  as  to 
which  of  these  two  meanings  is  the  more  likely  will  now  be 
considered. 

That  jSiirreer^at  means  that  the  bronze  received  a  color  in  dip- 
ping, as  Frazer  interprets  it,  seems  at  first  glance  very  likely 
from  the  ways  in  which  the  verb  /SAtto)  is  often  used  by  ancient 
authors  other  than  Pausanias.   This  verb  is  often  used  to  signify 
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"Irlie  dyc'iiiir  f)f  cloth  and  other  materials,  anil  is  oven  used  in  I'arly 
Crreek  alchemical  works  with  reference  to  the  gilding  or  silvering 
of  metals.    Moreover,  the  closely  related  verb  KaTadmrru  is  used 
in  the  Leyden  Papyrus  X,*^  probably  composed  at  a  time  not  far 
<listant  from  that  of  Pausanias,  to  signify  the  dipping  of  base 
silver  alloys  in  corrosive  liquids  for  the  purpose  of  changing  or 
improving  the  surface  color  of  such  alloys.    However,  in  spite 
of  numerous  extant  examples  of  these  closely  related  uses,  there 
appears  no  actual  example  in  the  works  of  other  authors  of  the 
use  of  the  verb  fi&irT<a  itself  to  denote  the  coloring  of  bronze  or 
copper.   From  the  ways  in  which  /3Attw  is  used  by  these  other 
ancient  authors  no  certain  indication  therefore  exists  that  the 
word  $&rTtff6ai  in  the  statement  of  Pausanias  really  means  that 
the  bronze  received  its  color  by  dipping. 

In  translating  /3ATr«r^at  in  the  way  he  did,  Frazer  appears  to 
have  been  guided  to  a  considerable  extent  by  Gottling/*  who  not 
only  interpreted  the  statenicnl  of  I'ausanias  as  meaning  that  the 
bronze  received  a  coloi-  by  being  (jnenclied  in  the  walei*  of 
Peirene,  but  suggested  also  that  this  coloration  was  th<'  result  of 
the  de])osition  of  ocherous  matei-ial  fi-om  this  water  on  the  metal 
by  such  treatment,  a  suggestion  based  upon  his  observation  while 
visiting  Corinth  of  deposits  of  ocherous  material  apparently 
formed  by  this  water.  That  the  bronze  could  have  been  perma- 
nently or  satisfactorily  colored  in  such  a  way  is  highly  improb- 
able. At  the  time  the  present  writer  visited  (/orinth  no  ocherous 
deposits  formed  by  the  water  of  Peirene  were  to  be  seen.  More- 
over, in  experiments  in  which  samples  of  this  water  were  evapo- 
rated to  dryness  no  colored  residues  were  obtained,  only  residues 
of  white  salts.  That  the  water  could  have  changed  radically  in 
composition  between  the  times  of  these  two  visits  is  also  highly 
improbable.  The  suggestion  of  (iottling  appears,  therefore,  to 
be  unsound. 

Tliongh  the  coloration  of  the  bronze  hy  the  mere  e\'ajiorat ion 
of  the  water  on  the  hot  metal  with  the  eon^erjuent  def)Osition  of 
a  cohtred  residue  seems  to  be  a  possibility  that  must  be  excluded, 
the  coloration  of  the  bronze  bv  material  foi  med  bv  some  chemical 
interaction  between  the  hot  metal  and  the  Halts  dissolved  in  the 

«sB«eipe8  19  and  20  of  the  t«xt  of  B«rthflot  puhli^ht^  in  hi«  Areh/ologie.  ft  Hi*- 
toire  r}rs  Srienc^f.  Paris,  If^fiO.  j.j..  2C>H  ''>'^C'. 

**  Archaologi$che  Zeitung,  2,  32H  (1*^44).    Cf.  Ftau-T,  op.  tit.,  Vol.  Ill,  p.  24. 
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water  is  a  possibility  still  to  be  c(>nsidered.   In  connection  "witl 
some  remarks  on  the  fame  of  Corinth  as  a  center  of  bronze 
manufacture,  Davies  *^  cites  an  opinion  of  Desch  that  the  com 
position  of  water  in  which  bronze  is  quenched  is  without  effec 
on  the  color  of  the  metal,  and  this  is  certainly  what  is  to  be  en 
pected  from  general  chemical  considerations.    Nevertbeless^  ij 
order  to  settle  the  question  decisively  in  respect  to  the  water  o 
the  Fountain  Peirene,  a  considerable  number  of  systematic  ex 
periments  were  performed  by  the  writer.   In  these  exp>erimeiit; 
a  piece  of  pure  copper,  a  piece  of  ordinary  tin  bronze  of  moderi 
nianiit aelnre,  and  a  piece  of  clean  bronze  taken  from  the  core  oi 
the  Corinthian  striaril  handle  previonsly  described  were  Iieaterl 
to  various  elevated  temperatures,  either  in  a  bare  flame  or  wirii- 
out  contact  with  a  flame,  and  were  then  plunged,  either  immedi- 
atelv  or  after  various  definite  times,  into  Avater  from  tlie  Fouij- 
tain  Peirene,  into  distilled  water,  or  into  dilute  sf)dium  eliloride 
solutions  of  various  concentrations.    The  detailed  results  of  the 
many  ex}KM  iments  need  not  be  related  here  since,  in  general,  it 
was  found  that  any  coloration  imparted  to  the  metals  was  solely 
the  result  of  oxide  films  formed  during  the  heating  of  these 
metals  and  not  to  any  chemical  interaction  between  tlie  hot 
metals  and  the  liquids  into  which  they  were  plunged.   If  these 
liquids  had  any  effect  at  all  it  was  that  of  suddenly  stopping  the 
oxidation  of  the  surface  of  the  metal  at  a  definite  stage  by  cool- 
ing it  so  that  a  particular  coloration  obtained  on  heating  did  not 
afterwards  change,  as  might  happen  on  allowing  the  metal  to 
cool  slowly  in  air.   However,  the  water  of  Peirene  was  of  no 
more  value  for  this  purpose  than  any  other  of  the  liquids  that 
were  tried,  nor  did  the  piece  of  Corinthian  bronze  behave  very 
differently  from  the  piece  of  copper  or  the  piece  of  modem 
bronze,    ^foreover,  the  colors  im])arted  to  the  (^rinthian  bronze 
or  to  the  other  metals  were  not  especially  ])leasiii,ir  or  striking, 
and  were  decidedly  not  attractive  when  these  metals  wore  heated 
t(»  a  high  tem])erature,  as  the  account  of  Pausjiiiias  clearly  indi- 
cates was  the  practice  in  the  treatment  of  bronze  with  tlie  water 
of  Peirene.    When  the  metals  w(M  e  belated  to  a  hkh  temperature 
ioY  some  time  so  as  to  form  a  black  coatiiiu-  or  scale  of  oxidation 
products  on  their  surfaces  and  were  llien  i)lunji,ed  into  this  wafer 
much  of  this  coating  or  scale  cracked  off  so  as  to  expose  a  siightJy 

«  JUmcM  Mine*  in  Europe,  Oxford,  1935,  p.  252. 
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oxidized  surface  of  nearly  the  same  color  as  the  bare  metal. 
This  may  have  been  the  purpose  of  the  process  mentioned  by 
PausaniaSy  but  here  again  the  water  of  Peirene  was  found  to  be 
of  no  more  value  for  the  removal  of  scale  than  any  other  of  the 

li<iuicls  that  were  tried,  nor  did  the  specimen  of  Corinthian 
hruiize  behave  in  any  distinctive  or  peculiar  way.  Of  course  it 
may  be  supposed  that  a  method  for  imparting-  a  coloration  to 
hi-ouze  by  roasting  the  metal  in  air  and  cooling  in  water  was  tirst 
developed  at  Corinth,  or  that  the  technique  of  restoring  some- 
tliing  like  the  original  color  of  the  metal  by  the  removal  of  scale 
by  sudden  cooling  in  water  was  first  practiced  at  Corinth,  and 
that  as  a  consequence  it  came  to  be  falsely  and  traditionally  be- 
lieved that  the  water  at  Corinth  was  especially  suitable  for  use 
in  the  one  or  the  other  o.f  these  technical  procedures.  However 
this  does  not  seem  likely  since  the  superficial  coloration  of  bronze 
on  heating  in  air,  and  the  dropping  off  of  scale  on  sudden  cooling 
with  water  are  such  simple  and  obvious  effects  that  they  must 
have  been  observed  by  experienced  ancient  bronze  workers  at 
many  localities  long  before  the  manufacture  of  bronze  began  at 
Corinth.  Hence  it  does  not  seem  possible  that  any  special  qual- 
ity could  have  been  ancientlv  ascribed  to  the  water  of  Peirene  bv 
reason  of  any  changes  of  color  that  resulted  from  merely  heating 
bronze  to  elevated  temperatures  and  then  plunging  it  into  this 
water. 

Apparently  the  only  possible  way  by  which  the  water  of  the 
Fountain  Peirene  could  have  been  used  to  impart  a  distinctive 
coloration  to  bronze  was  by  the  accidental  or  intentional  concen- 
tration of  the  water  before  the  hot  metal  was  dipped  into  it  so 
that  an  appreciable  residue  of  salts  was  left  on  the  surface  of  the 
metal  through  evaporation  of  the  film  of  water  that  remained 
after  dipping,  these  salts  then  causing  the  formation,  after  some 
time,  of  a  green  coating  of  copper  salts  from  the  corrosive  ac- 
tion of  the  chlorides  contained  in  the  residue  of  saline  material. 
If  water  from  the  fountain  had  been  kept  in  containers  in  the 
shops  of  metal  workers,  and  tliese  containers  had  been  kept  filled 
by  the  addition  of  water  and  not  by  being  emptied  out  and  refilled 
each  time  more  water  was  needed,  the  necessary  concentration 
of  the  water  could  have  occurred  in  such  containers  both  l)y  s])on- 
taneous  evaporation  and  by  the  action  of  the  hot  metal  di])])ed 
into  the  water.   In  the  experiments  it  was  found  that  solutions 
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of  sodium  chloride  of  about  the  same  chloride  concentration  s?  ' 
concentrated  water  from  Peirene  had  less  effect  than  the  m- 
centrated  water,  probably  because  the  saline  deposit  left  oe  tk 
surface  of  the  metal  by  the  water  was  much  more  hygroseopk 
by  reason  of  the  presence  in  it  of  calcium  or  magnesium  chloiide. 
The  piece  of  Corintliian  bronze  was  found  to  acquire  a  superfieuu 
greenish  coating  mucli  more  readily  than  the  piece  of  ]jure  copper 
or  the  piece  of  modern  bronze,  probal)ly  because  the  anciei: 
metal  was  much  more  heterogeneous.    However,  tlie  develop- 
ment of  a  greenish  coating  or  rough  patination  by  the  chemical 
action  of  salts  left  on  the  surface  of  the  bronze  was  found  to  ^ 
a  slow  and  uncertain  process  at  the  best,  one  that  often  took 
several  weeks.   Though  the  water  of  the  Fountain  Peirene  ap- 
parently could  have  been  used  to  impart  a  distinctive  eoloratioii 
to  bronze  in  a  way  impossible  by  a  similar  use  of  water  from 
many  other  ancient  sources,  it  seems  very  unlikely  that  such  a 
slow  and  troublesome  process  was  actually  used  in  the  treatni«it 
of  bronze  at  Corinth,  and  still  more  unlikely  from  the  wording 
of  his  statement  that  Pausanias  is  alluding  to  any  such  process 

A  further  serious  ()])jection  to  the  translation  of  ^arrerBc 
in  the  w^ay  suggested  by  Gottling  and  followed  by  Frazer  is  thai 
there  was  neither  need  nor  desire  to  impart  any  coloration  what- 
soever to  many  kinds  of  bronze  objects,  especially  those  objects 
intended  for  useful  purposes.  Though  the  same  objection  can- 
not be  said  to  hold  generally  for  ornamental  objects  in  bronze,  it 
may,  nevertheless,  be  valid  for  the  ornamental  objects  made  it 
Corinth  since  the  statement  of  certain  ancient  authors  *•  respect- 
ing the  appearance  of  objects  of  Corinthian  bronze  certainly 
seem  to  indicate,  aside  from  any  question  as  to  their  appearance 
being  the  result  of  the  presence  of  gold  and  silver  in  the  alloy, 
that  such  objects  were  admired  bv  reason  of  the  beaut v  of  tlu' 
bare  metal  not  by  reason  of  any  artificial  coloration  or  patiuatioii 
imparted  to  the  surface  of  the  bronze. 

From  all  the  evidence  taken  together  the  translation  <*' 
p&TTtaBtu  as  meaning  that  the  bronze  received  a  color  on  being 
dipped  appears,  therefore,  to  be  incorrect,  and  to  lead  to  wrong 
interpretation  of  the  statement  which  Pausanias  makes  about  the 
treatment  of  bronze  with  the  water  of  the  Fountain  Peirene. 

*<iE.g.,  Pliny,  H.N.,  XXXI V,  6-8;  Plutarch,  De  Pythiae  Oraculis,  395  B-D. 
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Xlia.t  0&rTw0<u  means,  in  accordance  with  the  translation  of 
ones,  that  the  bronze  was  tempered  by  being  dipped  in  the 
rater  xnay  be  said  to  receive  considerable  support  from  the  way 
ti  wliich  piLTTca  and  related  words  are  often  used  by  ancient 
srriters  other  than  Pausanias.   j9Airrw  is  clearly  used  to  signify 
he  clipping  of  red-liot  steel  in  water  for  the  purpose  of  harden- 
this  metal,  and  fJa0i7  is  used  to  denote  this  dipping  or  harden- 
11^  y>i-<)cess.    By  extension  of  meaning  /3a</)i7  even  came  to  mean 
Hardened  edge  imparted  to  iron  or  steel  tools  by  such  a 
process.    Though  there  can  be  no  doubt  that  these  words  were 
usecl  with  reference  to  the  hardening  or  tempering  of  steel  by  a 
dipping  process,  the  evidence  that  /SdTroj  and  related  words  were 
nsecL  Avith  reference  to  the  hardening  or  tempering  of  bronze  by 
some  similar  process  is  by  no  means  so  clear  or  abundant  from 
the  works  of  these  writers.   Aeschylus,*'  indeed,  uses  the  ex- 
pression xaXxoG  j9a0As,  which  may  be  interpreted  as  meaning  the 
hardening  or  tempering  of  bronze  or  copper,  but  this  expression 
is  considered  l)y  some  editors  or  commentators  as  being  merely 
]^oetical  for  ati-npov  ^a<t>a.%,  the  hardening  or  tempering  of  iron  or 
steel,  though  their  reasons  for  supposing  that  the  expression 
\vliich  ai)})ears  in  the  esta})lished  text  is  mei'ely  poetical  cannot  be 
said  to  be  substantial.    Ilowevei',  Pollux     in  noting  the  use  of 
3di^is  in  place  of  ^a4>i)  quotes  Aiitipho  Sophisto  as  using  the  ex- 
pression ffaypLv  xa.><iiov  Kal  (ndr]pov,  which  may  be  intcrpi'eted  as  mean- 
ing the  hard(Miing  or  tempering  of  bronze  and  of  steel,  or  the 
dipping  of  the  metals  for  such  a  purpose.    The  fact  that  the 
names  of  the  two  metals  are  thus  linked  together  seems  to  indi- 
cate, at  least,  that  some  similar  dipping  process  was  used  for 
both. 

Late  ancient  and  medieval  granunarians  or  commentators  on 
the  works  of  Classical  Greek  authors  speak  explicitly  of  the 
former  existence  of  a  process  for  hardening  bronze  by  dipping. 
For  example,  in  conmienting  on  some  verses  of  Hesiod*"  in 
which  the  poet  alludes  to  the  use  of  bronze  for  various  pur- 
poses before  iron  came  into  use,  Joannes  Tzetzes  remarks,^" 

Aganipmnon.  v.  (512  (or  617). 
■*8  Onomasticon,  VII,  169. 
49  Opera  et  Dies,  v.  150  ff. 

Text  as  quoted  by  Rossignol,  Les  Metam  dans  L  'Antiquiti,  Paris,  1863,  p.  239. 
BoBsignol  also  quotes  two  other  passages  of  veiy  similar  import. 
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XaXxots  t6  ToKoidv  koI  5xXotSt  Koi  {l^€<n,  koI  y&apytxdl^  hpyaX^ooK  cxpwnj 
^04%  rm  ravra.  ffTOfunjvrts.    * AmlKkvukinfis  Si  r^s  aTOttaixnii  0ai^^  rim  1 
xpi^iuBa.  T(fi  ai^/xf.    (Anciently  they  used  bronze  for  armor,  swori- 1 
and  agricultural  implements,  hardening  this  by  a  certain  dippc. 
process,  but  the  dipping  process  having  been  lost,  we  use  iru!!- 
Such  statements  indicate  that  there  existed  at  a  late  perimij 
general  belief  that  the  ancients  once  had  a  process  for  barde]!:L- 
bronze  or  co[j])er  similar  to  the  one  nsed  for  liardenins:  steel,  a- 
that  this  supposedly  valuable  ])rocess  had  become  a  lost  art.  Evtfi 
at  the  present  day  the  same  notion  seems  to  be  widely  curreiil 
Apparently  the  earliest  clear  statement  of  this  belief  a]«p-  ' 
in  the  De  Pi/thiac  Oraculis  of  Plutarch  written  about  100  aa. 
In  this  work  Plutarch  has  Philinus  quote  a  foreign  visitor  a' 
Delphi  as  asking,^^  *Ap'       Kpaals  ns     Kal  ^piua^ts  rcMT  v-dXcu  rexP^ 

iaxtv  IpTfuv  ToKiftucQv  6  xaXic6s ;  (Was  there,  then,  some  process  of  al- 
loying and  treating  used  by  the  artisans  of  early  times  for 
bronze,  something  like  what  is  called  the  tempering  of  swords, 
on  the  disappearance  of  which  bronze  came  to  have  a  rej^r^t 
from  emplo\Tnent  in  war?).    In  spite  of  the  fact  that  Plotam 
writes  as  though  the  process  of  hardening  bronze  was  in  hi<  da; 
considei-ed  to  l)e  an  art  which  had  fallen  into  disuse  or  bad    •  - 
forgotten,  and  in  spite  of  the  fact  that  Pausanias  li\-ed  a  Hn! 
biter  than  Plutarch,  it  is  nevertheless  not  impossible  that  Va" 
sanias  believed  from  his  own  opinions,  or  from  what  hi'  wa-  t'n 
by  others  at  Corinth,  that  the  hot  bronze  was  dipped  into  th- 
water  of  Peirene  for  the  purpose  of  hardening  the  metal.  Sino- 
his  phraseology  indicates  that  he  had  no  first-liand  knowledge  ' ' 
the  process,  it  seems  rather  more  likely  that  he  may  have  beei 
led  to  such  a  conclusion  merely  by  what  the  bronze  workers  or 
other  people  told  him.    Moreover,  because  he  was  a  more  or  les* 
unknown  visitor  from  distant  parts,  they  may  even  have  deliber- 
ately deceived  him  as  to  the  real  purpose  of  the  process,  esjx 
cially  since  the  important  details  of  technical  processes  appear 
to  have  been  liuardcd  as  trade  secrets  bv  the  artisans  of  ancion' 
times.    Thus  in  one  way  or  the  other  Pausanias  may  havo  coiii' 
to  believe  that  tlie  jiurpose  of  the  process  was  to  liardcn  \h 
bronze.    Consequently  in  his  statement  about  it  the  wurii 

"■1  Both  text  ;iii<l  tr.iiislatiou  essentially  as  given  by  Babbitt,  Plutareh*s  Jforsfi*. 
Cambridge,  1936,  Vol.  V,  pp.  262-263  (The  Loeb  Claasical  Library). 
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TTeaBat  may  be  intended  to  convey  just  this  meaning,  and  it  is 
2refore  by  no  means  unlikely  that  the  word  should  now  be  so 
terpreted  in  translation. 
However,  if  Pausanias  believed  that  the  bronze  was  hardened 
this  process  he  was  clearly  wrong  since  the  truth  is  that 
onze,  unlike  steel,  cannot  ])e  hardened  by  phin^inj»-  the  red-hot 
?tal  into  cold  water.  The  effect  of  such  treatment  on  the  pliys- 
il  projK'rties  of  ordinary  bronze  may  be  \  ei\v  slight,  or  it  may 
nd  to  soften  the  metal  somewhat,  thon.nh  if  the  bronze  contains 
lii^h  enoni^h  pro])ortion  of  tin  this  treatment  may  have  one 
TV  im])oi-tant  effect  on  the  working  qualities  of  the  metal, 
lien  bronze  containing  over  ten  and  up  to  about  fifteen  per  cent 
tin  is  heated  to  above  650  C.  for  a  sufficient  time  and  is  then 
iddenly  quenclied  in  cold  water,  this  bronze  then  becomes 
Lictile  enough  to  be  worked  by  hanunering  while  cold,  whereas 
ist  bronze  of  this  composition,  and  in  general  any  bronze  of  this 
)mposition  not  so  treated,  cannot  be  shaped  by  hammering 
bile  cold  because  it  is  too  brittle.  That  the  temperature  at- 
lined  in  the  process  mentioned  by  Pausanias  was  high  enough 
nd  that  it  was  continued  long  enough  seems  to  be  indicated  by 
is  words  Bi&wpov  Kal  Btpubv.  .\roreover,  as  was  shown  by  the  ana- 
rtical  results  given  at  the  very  beginning  of  this  paper,  high- 
in  bronze  was  certainly  i)rodnced  at  CV)rinth  at  an  early  jjcriod, 
nd  by  reason  of  the  i)ersistence  of  local  technical  tradition  in 
ncient  times,  it  may  have  been  i)i-odnc('d  there  at  the  time  of 
*ausanias,  or  not  very  long  before  his  time.  In  order  to  work 
uch  bronze  by  hammering  it  while  cold  the  very  treatment  that 
^ausanias  mentions  would  have  been  almost  necessary.  This 
reatment  would  have  been  virtuallv  a  necessitv  in  the  manufae- 
ure  of  very  thin  objects  of  high-tin  bronze  since  these  could  not 
lave  been  satisfactorily  forged  while  hot  because  of  their  tend- 
ency to  cool  down  too  rapidly  and  because  of  their  tendency  to 
>ecome  oxidized  too  much  by  repeated  heating  to  a  high  tem- 
3erature.  Some  definite  indication  that  the  same  treatment  may 
lave  been  used  in  the  manufacture  of  even  moderately  thin  ob- 
jects was  found,  it  may  be  recalled,  in  the  course  of  the  micro- 
scopic examination  of  the  metallic  core  of  a  rather  ty]^ical  object 
')f  this  sort,  a  strigil  handle  found  at  Corinth  and  presumably 
made  tliei-e.  Even  if  high-tin  bronze  was  not  being  produced  or 
worked  at  Corinth  at  the  time  of  the  visit  of  Pausanias  and  had 
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not  been  produced  or  worked  tliere  for  a  loii<;-  period  l)ef<)re  liis 
visit,  whicli  is  ])y  no  means  unlikely  in  view  of  the  proliahl*- 
scarcity  of  tin  in  the  Mediterranean  world  in  Koman  Imi)erial 
times,  this  quenching  process,  because  it  was  a  local  ])racti('e  «>J 
long  standing,  may,  uevertheless,  have  still  been  used  at  Coriiitb 
for  the  working  of  ordinarv  bronze  even  when  there  was  no 
longer  much  real  advantage  in  using  it.  On  the  whole,  there- 
fore, the  process  which  Pausanias  describes  probably  had  as  its 
real  purpose,  originally  or  possibly  even  at  the  time  of  his  ^'isit 
to  Corinth,  the  softening  of  high-tin  bronze  so  that  this  metal 
could  be  worked  while  cold.  It  may  even  be  that  Pausanias  was 
aware  of  the  real  purpose  of  the  process,  and  that  he  meant  to 
convey  this  meaning  in  the  word  /SoTreotfai,  though  this  seems 
very  improbable  since  no  such  meaning  w^as  ever  attached  to 
the  verb  jSixrw  or  to  related  w^ords  by  any  other  ancient  author. 

Regardless  of  whether  Pausanias  wrongly  believed  that  the 
bronze  w^as  hardened  by  the  dipping  process  he  mentions  or 
whether  he  rightly  believed  that  the  bronze  was  softened  by  this 
process,  the  way  in  which  Jones  has  translated  ^aimaBaL  is  satis- 
factory because  the  English  verb  ''to  temper"  as  applied  to 
metals  may  be  taken  to  signify  that  either  a  Inirdening  or  a  re- 
duction of  hardness  takes  ])hu'e.  Hence  the  translation  (»f  Jones 
provides  a  hai)i)il>'  ambiguous  English  equivalent  of  a  still  more 
ambiguous  Oi-cek  word. 

An  ai)parent  difficulty  in  the  way  of  accepting  as  wholly  satis- 
factory the  general  interpretation  of  the  statement  of  Pausanias 
which  results  from  this  translation  of  fiairT€adai  is  that  this  inter- 
pretation does  not  explain  why  the  water  of  the  Fountain  Peirone 
was  considered  especially  suitable  for  the  treatment  of  the 
bronze,  as  the  wording  of  the  second  phrase  of  his  statement 
seems  to  imply.  The  fact  of  the  matter  is,  of  course,  that  the 
composition  of  a  natural  water  can  have  no  effect  on  the  physical 
properties  of  the  bronze  quenched  in  it.  In  other  words  from 
the  standpoint  of  the  actual  results  of  this  operation  there  was  no 
reason  why  the  water  of  Peirene  was  to  be  preferred  to  that  from 
any  other  s))ring,  or  to  that  from  any  river  or  well.  Neverthe- 
less, ample  evidence  exists  to  show  that  the  ancients  really  did 
believe  that  the  character  (»f  the  water  had  an  imi^ortant  influ- 
ence on  the  quality  of  the  metal  iiuenched  in  it.  This  erroneous 
belief  appears  clearly  in  some  remarks  which  Pliny  makes  about 
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the  manufacture  of  steel.  After  discussiug  the  different  kinds 
of  iron  or  steel  and  the  reasons  for  the  differences  PUny  goes  on 
to  say,"  Summa  autem  differentia  in  aqua  cui  subinde  candens 
imnu  rgitur.  Haec  alibi  atque  alibi  utilior  nobilitavit  loca  gloria 
ferrif  sicuti  Bilbilim  in  Hispania  et  Turiassonem,  Comum  in 
Italia,  cum  ferraria  metalla  in  iis  locis  non  sint.  (The  chief  dif- 
ference, however,  arises  from  the  nature  of  tlie  water  in  whieh 
the  glowing-  metal  is  plunged  from  time  to  time.  This,  in  some 
]>laces  l)etter  foi-  the  i)ur[)ose  than  in  others,  has  quite  enno])led 
some  localities  famous  for  their  iron  such  as  Bilbilis  and 
Turiasso  in  Spain,  and  Comum  in  Italy,  even  though  there  are 
no  iron  mines  at  these  localities.)  Since  a  special  value  for  the 
quenching  of  steel  was  thus  erroneously  attril)uted  to  the  water 
of  some  places,  it  seems  very  likely  by  analogy  that  a  special 
value  for  the  quenching  of  bronze  was  likewise  erroneously  at- 
tributed to  the  water  of  certain  places,  of  w^hich  Corinth  appears 
to  be  the  only  one  now  known.  Moreover,  it  will  be  noted  as  an 
interesting  and  perhaps  significant  parallel  that  just  as  there 
were  no  iron  mines  at  the  places  where  the  w^ater  was  reputed  to 
be  superior  for  the  quenching  of -steel  so  also  were  there  no 
copper  mines  at  Corinth  w^here  the  water  was  apparently  con- 
sidered superior  for  the  (luenching  of  bronze.''* 

A  clear  indication  that  special  properties  were  anciently 
ascribed  to  certain  materials  for  the  r]uenching  of  bronze  in 
order  to  render  the  metal  soft  enough  for  working  is  given  by 
one  of  the  recipes  of  the  Leyden  Papyrus  X.  According  to  the 
text  published  by  Berthelot  "  this  recipe,  which  is  No.  67,  reads 
as  follows: 

XoKkov  ^dXa^ts 
Ilvpuaas  ivTidei  ds  Korpov  opvideloiiu,  /cat  orav  \J/vyfi,  eXawat. 

52H.iV.,  XXXTV.  144.    Text  of  Bailey,  The  Elder  Pliny's  Chapters  on  Chemical 

Subjects,  Part  II,  Londoii,  \'XV2,  ."8. 

•''^  The  absence  of  copper  deposits  or  aiiv  trace  of  aiu  it'iit  copper  mining  at 
Corinth  or  in  its  immediate  vicinity  has  been  established  by  careful  search.  Accord- 
ing to  DavioH  (liomaii  Miiirft  in  Europe,  Oxford,  193").  p.  2r>3)  the  nearest  locality 
for  copper  n)iner;ils  is  at  tlie  top  of  tlie  ])as8  between  Mycenc  and  Phlius,  and  even 
here  the  amounts  to  be  seen  aie  very  small.  No  ancient  workings  have  been  found 
at  this  locality.  That  copper  ore  was  actually  smelted  at  Corinth  appears,  however, 
to  be  demonstrated  by  the  finding  by  Djivies  of  a  piece  of  copper  slag  at  the  site. 
This  was  identified  as  such  by  chemical  analysis. 

54  Archeologie  et  EiMoire  des  Sciences,  Paris  1906,  p.  292. 
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This  may  be  translated  in  the  following  way: 

Softening  of  Bronze 
Fire  it,  place  it  in  bird  dung,  and  when  it  cools,  forge  it. 

This  recipe  clearly  indicates  a  belief  in  the  efficacy  of  a  par- 
ticular material  for  cooling  bronze  quickly  after  heating  it  lo  a 
high  temperature  in  a  process  for  softening  the  metal  so  as  to  be 
able  to  work  it  easily  while  cold.  No  real  basis  exists  for  pre- 
ferring this  material  to  water.  Whether  bird  dung  was  actuallT 
the  material  employed  is  perhaps  somewhat  uncertain  since  the 
Greek  term,  which  has  here  been  taken  literally,  may  in  fact  be 
a  technical  term  for  a  very  different  material,  the  use  of  cryptic 
technical  terms  in  early  technical  recipes  being  by  no  means  un- 
common. 

From  all  this  it  seems  reasonably  certain,  then,  that  the  an- 
cients could  have  believed  that  the  water  of  Peirene  had  a  special 
value  for  the  treatment  of  bronze  when  as  a  matter  of  fact  it  had 
no  such  value.  The  question  remains  as  to  how^  such  a  false  be- 
lief could  have  arisen. 

It  may  be  of  course  that  the  reputation  of  the  water  of 
Peirene  for  the  treatment  of  ])i'onze  arose  merely  because  tliis 
fountain  was  a  never  failin*;-  and  abundant  source  of  water  avail- 
al)]e  at  all  times  for  metallurgical  work,  which  is  a  sfood  deal 
more  thau  can  be  said  for  many  other  water  supi)lies  in  (Jreeco. 
But  this  does  not  seem  sufficient  to  account  for  the  high  reputa- 
tion which  the  water  apparently  had  for  this  particnlai-  pur])ose. 
Perhaps  the  general  reputation  of  the  water  and  the  fame  of 
Corinth  for  fine  work  in  bronze  w(M  (»  suflRcient  to  lend  credence  to 
the  belief  that  the  water  of  this  noted  fountain  used  in  the  treat- 
ment of  the  bronze  had  something  to  do  with  the  quality  of  the 
metal.   What  seems  somewhat  more  likely,  however,  is  that  some 
bronze  worker  at  Corinth  discovered  accidentally  that  high-tin 
bronze  could  be  forged  in  the  cold  state  after  a  certain  empirical 
treatment  which  included  the  quenching  of  such  bronze  in  the 
water  of  Peirene  after  the  metal  had  been  heated  to  a  given  high 
temperature  for  a  given  time,  the  success  of  the  process  as  a 
whole  being  wrongly  ascribed  to  the  nature  of  the  water  in- 
stead of  to  the  method  of  heat  treatment.    Since  the  success  of 
the  quenching  ])rf)cess  in  the  hardening  of  steel  in  ancient  times 
appears  to  have  been  generally  ascribed  to  the  nature  of  the 
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vater  ixi  which  the  metal  was  quenched,  it  is  easy  to  see  how,  hy 
;he  saxne  kind  of  false  reasoning,  the  success  of  the  process  for 
breating  bronze  could  also  have  been  ascribed  to  the  nature  of 
the  water.   Even  if  it  had  become  recoguized  sooner  or  later  that 
the  nature  of  the  water  had  nothing  to  do  with  the  success  of  the 
annealint*:  treatmeiit  for  bronze,  it  is  unlikely  for  obvious  rea- 
sons that  the  bronze  workers  who  used  the  method  would  have 
allowed  the  truth  to  become  generally  known.    Possibly  the  dis- 
covery and  exclusive  use  of  a  method  for  working  high-tin  bronze 
in  the  cold  state  may  have  been  one  of  the  reasons  why  Corinth 
became  a  famous  center  of  bronzc'  manufacture  in  ancient  times. 

This  long  discussion  of  the  brief  i-emark  which  Pausanias 
makes  in  regard  to  the  treatment  of  bronze  at  Corinth  with  the 
water  of  the  Fountain  Peirene  serves  to  indicate  the  value  of 
chemical  and  technological  facts  and  experiments  for  the  inter- 
pretation of  certain  passages  in  the  writings  of  ancient  authors 
"which  are  not  capable  of  being  adequately  explained  from  his- 
torical and  philological  evidence  alone. 
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PLATE  1 


Top  Figi  rf:.  Pliotnniicrogiapli  of  best  i)ro,sorv('(l  i>;irt  of  iiu'tallic  i-oro  of  a  cor- 
roded strigil  liandle  found  at  Corinth  sliowing  lioniogcnizod  and  twinned  grains  of 
variable  but  generally  small  size,  a  few  corroded  grains,  and  some  intergranular  cor- 
rosion.   Magnification  500  X. 

Bottom  Fioi  re.  A  view  at  high  magnification  in  the  same  region  as  in  the 
upper  figure  showing  in  j)articular  the  i)resence  of  numerous  slip  lines  on  some  of  the 
grains  and  the  existence  of  highly  corrodeii  metal  in  the  presence  of  uncorroded  metal. 
Magnification  2150  X. 
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Top  FiGt'RE.  Pliotomicrograpli  of  scU't'ted  region  in  metallic  core  of  strigil 
handle  .showing  grains  of  metal  eoini»leteiy  surrounded  by  intergranular  corrosion 
products.    Magnification  2150  X. 

Bottom  Figure.  Photomicrograph  taken  near  edge  of  metallic  core  of  strigil 
handle  showing  progressive  corrosion  of  grains  of  metal  inwards  from  the  grain 
boundaries.    Magnificatiou  2150  X> 
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PLATE  ITT 


Toi'  F'lGi-RK.  View  at  low  inagiiification  of  tlic  general  itattcrn  of  the  intcr- 
graiiular  an<I  Kramilar  corrosion  witliin  the  mi'tallic  core  of  thv  strigil  handle.  >raf;ni- 
fication  120  X. 

HOTTOM  Fici  RE.  View  at  liiglier  magnification  of  the  alternate  layers  of  cor- 
roded and  uncorroded  metal  in  the  metallic  core.    Magnification  oOO  X. 
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PLATE  IV 


Top  Figi'RE.  Photoinicrograph  of  extensively  corroded  metal  at  edge  of  metallic 
)re  showing  survival  of  cross  layers  of  uncorroded  metal.    Magnification  2.")0  X. 

Bottom  Figure.  A  view  of  a  still  more  extensively  corroded  region  at  edge  of 
etallic  core  showing  the  confused  and  heterogeneous  structure.    Magnification  500  X. 


PLATE  V 


Top  Figure.  Photomicrograph  showing  a  cross  section  at  low  magnification  of 
one  side  of  the  metallic  core  of  the  strigil  handle,  most  of  the  patina  on  this  side, 
and  a  transition  layer  between  the  two.  The  patina  is  at  the  right.  Magnification 
120  X. 

Bottom  Figure.  A  view  in  cross  section  of  the  patina  on  the  strigil  handle 
showing  the  pronounced  banded  structure.    Magnification  250  X. 
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INTRODUCTION 

Of  common  appearance  tlironghoiit  the  world  are  games  or 
I)astimes  wliicli  consist  of  intertwining  on  the  figures  a  closed 
loop  of  string  for  the  purpose  of  producing  some  pleasing  pat- 
tern or  orderly  arrangement.  If  for  want  of  a  better  name  we 
may  speak  of  them  collectively  as  string  games,  three  main 
classes  can  be  recognized:  (1)  String  tricks  and  catches,  (2) 
cat's  cradle,  and  (3)  string  figures.  All  are  similar  in  gen- 
oral  principle  and  presumably  are  related  historically,  but  each 
is  characterized  by  such  definite  peculiarities  that  a  ready  dis- 
tinction can  be  made. 

Strinq  Tricks  and  Catches 

String  tricks  and  catches,  as  the  terms  imi)ly,  find  their  ef- 
fectiveness in  the  element  of  surprize;  for  the  tricks,  the  strings 
from  some  apparently  complex  arrangement  are  suddenly  re- 
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leased  to  roHtore  the  original  loop;  for  the  catches,  the  striD^< 
wlien  released  from  a  more  or  less  simple  pattern  nnexpectedhr 
lock  a  finger  or  hand.  Of  not  uncommon  appearance  throiigb- 
out  the  world  both  tricks  and  catches  are  extremely  simple  and 
readily  learned.  They  seem  to  be  fairly  popular  as  a  clasa 
among  seafarers,  traders  and  other  itinerant  whites  and  it  i» 
possible  that  certain  examples  have  been  learned  in  the  pa>t 
by  such  groups  at  various  places  and  ultimately  brought  to 
many  localities  of  their  present  worldwide  distribution.  At  the 
same  time  it  is  not  unlikely  that  tlieir  api)earance  in  otlier  art-fc? 
is  the  result  of  diffusion  under  strietlv  a)K)riii:inal  condition-. 
Wliatever  may  be  the  truth  of  the  matter  the  (juestion  t)f  tlitir 
individual  origins  is  most  obscure  and  cannot  be  discuss*^ 
profitably  in  the  light  of  present  knowledge. 

Cat's  Ckadle 

Cat's  cradle,  well  known  to  western  Europeans,  consists  of 
a  series  of  simple  figures  executed  by  two  players  who  alternate 
in  taking  a  design  off  the  hands  of  the  other  and,  by  a  simple 
manipulation,  remaking  it  into  the  succeeding  pattern  of  the 
series.  It  is  distinguishable  from  string  figures  in  a  number 
of  ways.  The  opening,  or  initial  arrangement  of  the  strings^ 
on  the  hands,  is  peculiar  to  itself  and  not  associated  with  other 
types  of  figures.  The  procedure  also  is  distinctive  both  in  the 
manner  whereby  the  strings  are  lifted  otT  the  hands  of  the  othi^r 
player  and  in  the  simple  manipulation  to  form  the  next  exten- 
sion or  resulting-  design.  Finally,  the  patterns,  themselves,  are 
dissimilar  in  princi])le  in  that  the  original  loop  generally  can 
be  restored  without  ditTiculty  simply  by  dropping  the  string:^ 
at  any  step  in  construction. 

In  addition  to  these  most  elementary  technical  features  cat's 
cradle  is  characterized  by  a  most  remarkable  uniformity  of 
procedure  wherever  it  is  played,  although  all  the  patterns  in 
the  series  are  not  reported  everywhere.*  In  view  of  this  gen- 
eral similarity  it  would  seem  that  the  number  of  possible  de- 
signs obtainable  from  the  cat's  cradle  opening  is  strictly  limited 
to  those  known,  or  that  the  peoples  who  have  made  these  pat- 
terns for  generations  either  have  not  been  interested  in  experi- 
menting for  additional  i)attem8  or  have  been  unsuccessful  in 

1  For  a  discussion  of  those  details  see  Jayno,  i>\>.  xii,  324. 
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tlieir  quest.  Be  this  as  it  may,  wo  find  cat's  cradle  today  insti- 
tutionalized everywhere  to  the  point  of  monotony  and  unaccom- 
panied by  any  imaginative  interest. 

Before  the  period  of  European  expansion  cat's  cradle  seems 
to   have  been  confined  to  eastern  Asia,  its  apparent  place  or 
oiri^n,  the  adjacent  islands  of  the  East  Indies,  Korea  and 
•Japan,  and  western  Europe,  where  its  introduction  is  believed 
to  liave  accompanied  the  early  tea  trade.   It  seems  to  have  been 
unknown  throughout  the  remainder  of  the  world  until  European 
colonists  penetrated  the  other  continents  and  brought  this  pas- 
time with  them.    Today  it  is  apt  to  ap])C'ar  almost  anywhere 
simong  native  peoples  who  often  are  unaware  of  its  European 
cle  rivation. 

Sthing  Figures 

String  figures,  in  the  widest  sense  of  the  term,  properly  in- 
clude both  string  tricks,  catches  and  cat's  cradle.  However, 
for  purposes  of  classification  and  discussion  it  is  advantageous 
to  recognize  a  basis  of  differentiation  as  determined  by  both 
technical  and  distributional  considerations.  As  will  be  brought 
out  more  fully  below,  string  figures  are  characterized  by  a 
variety  of  openings,  movements  and  methods  of  extension  ex- 
clusively their  own.  In  direct  contrast  to  cat's  cradle  the  final 
7iatterns,  with  a  few  exceptions,  are  definitely  locked  in  the  sense 
that  the  strings  are  interwined  in  such  a  manner  that  the  return 
to  the  original  looj)  cainiot  l)e  accom})lished  just  ])y  (li-()p])int<  the 
strings,  but  usually  must  be  attained  l)y  some  specitic  release. 

The  manipulation  of  most  string  figures  is  performed  en- 
tirely by  the  finj^crs  and  hands  of  one  i)ers()n,  but  not  infi'c- 
(juently  the  teeth,  neck,  elbows,  knees  or  toes  and  the  services 
of  two  or  even  three  individuals  may  l)e  refpiired  to  produce 
the  finished  pattern.  Althou<;h  in  most  fi^-ures  the  objective 
is  a  single  design,  there  are  examples  in  which  the  finished  pat- 
tern is  the  optional  starting  point  for  one  or  more  different 
figfures.  In  some  cases  series  are  performed  by  a  single  player, 
in  others  the  procedure  may  require  two  manipulators  who 
either  alternate  in  making  the  constituent  progressive  figures 
or  produce  them  by  joint  effort. 

String  figures  also  are  characterized  by  a  relative  complexity 
of  procedure  and  intricacy  of  pattern.   In  remarkable  contrast 
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to  the  moiiotonons  and  strictly  limited  cat's  cradle,  wliich  even- 
where  is  performed  perfunctorily  and  equally  well  by  the  stup>: 
and  clever,  string  figures  are  featured  by  such  a  variety  nf 
opening  arrangements,  types  of  manipulation  and  methods  -i 
extension  that  strict  attention  to  detail  is  necessary  through 
out  the  ])rocedure  and  careful  memorization  of  the  proper  cob- 
tinuity  required.  Indeed  the  steps  in  construction  in  some  fig- 
ures are  so  complex  that  a  correctly  attained  final  result  eai. 
be  considered  an  accomplishment  of  no  mean  order.  TToiice,  in 
those  areas  where  string  figures  are  well  established  there 
usually  is  a  sufl5cient  variety  to  attract  some  interest  from  all 
the  intelligence  levels  of  the  population.  For  the  dolts  there 
is  the  simple  type  of  figure;  for  the  brilliant,  a  potentially  mi- 
limited  source  for  mental  exercise  and  amusement;  for  the  ex- 
perimentalist, a  fruitful  field  for  development  with  the  discov- 
ery of  new  and  intricate  patterns  as  a  reward;  for  the  artist, 
an  opportunity  for  keen  personal  satisfaction  in  the  metieolons 
execution  of  difficult  figures;  for  the  skilled  entertainer,  an 
extensive  repertoire  with  which  to  delight  an  audience. 

The  distribution  of  string  figures  is  curious  and  diflSenIt  to 
explain  satisfactorily  at  the  present  time.  Of  widespread  a|» 
pearance  in  North  America,  South  America,  Africa,  Oceania  :ini': 
Australia,  they  arc  lacking  strangely  enough  in  Europe  and 
Asia  exce])t  for  four  peripheral  areas  of  relatively  minor  ex- 
tent. Western  Euro])e  where  a  very  few  figures  of  doubtful  ori- 
gin and  anti(|uity  are  found;  India  for  which  several  liunrcs 
and  tricks  are  reported  as  well  as  some  peculiar  Brahuiinic 
figures  apparently  of  recent  and  possibly  independent  orig-in: 
the  Philippines,  where  some  figures  are  known  to  mountain 
tribes,  whereas  cat's  cradle  is  found  in  the  lowlands;  and  north- 
eastern Siberia,  where  a  great  many  examples  have  been  col- 
lected. Thus,  in  recent  centuries  string  figures  seem  to  have 
been  found  in  Asia  only  on  or  beyond  the  northern,  southeastern 
and  southwestern  boundaries  of  the  distribution  of  cat's  cradle. 

The  virtually  exclusive  distributions  of  cat's  cradle  and 
string  figures  are  puzzling,  to  say  the  least,  for  the  peculiar 
situation  in  Asia  suggests  that  simple  string  figures  formerly 
were  more  widespread  and  have  been  replaced  in  part  by  equally 
simple  cat's  cradle.  Why  the  latter  with  its  strictly  limited 
possibilities  and  relatively  uninteresting  manipulation  should 
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ave  had  more  appeal  than  even  the  simplest  string  ligures, 
rliicli  in  all  other  parts  of  the  world  have  provided  a  basis  for 
\eli  and  comj^lex  developments,  is  difficnlt  to  nnderstand,  for 
tiost  Asiatics  for  many  generations  have  evinced  keen  interest 
Liicl  delight  in  games  and  puzzles  which  require  mental  exercise. 

The  situation,  however,  is  not  easy  to  assess,  for  a  former 
ividespread  appearance,  of  which  the  modern  Asiatic  occurrences 
ooLSiy  be  vestiges,  possibly  antedated  the  beginnings  of  the  great 
civilizations  of  the  continent  and  the  intellectual  interests  ac- 
companying them.    More  detailed  comparative  studies  must  be 
made  in  many  areas  before  we  can  hope  to  secure  definite  clues 
to  such  a  question.   However,  it  is  interesting  to  note  that  a 
general  apathy  toward  string  figures  is  found  even  today  not 
only  throughout  Asia  but  in  Europe  as  well,  for  in  spite  of  the 
fact  that  several  hundreds  of  examples  from  various  parts  of 
the  world  are  now  readily  available  in  the  literature,  not  even 
the  mentally  curious  have  shown  any  extensive  interest  in  them 
or  in  the  theoretical  technical  aspects  of  their  construction. 

One  reason  why  string  figures  have  attracted  so  little  atten- 
tion in  modern  civilization  undoubtedly  is  the  recencv  of  our 
knowledge  of  them.  Practically  all  of  our  detailed  information 
has  been  collected  since  the  [beginning  of  the  present  century,  a 
large  proportion  of  it  within  the  past  twenty  years.  Previously 
only  a  few  Europeans  had  ever  heard  of  string  figures  and  their 
very  existence  among  native  peoples  apparently  was  unknown 
in  Europe  until  about  a  century  ago. 

Although  more  extensive  research  may  bring  to  light  earlier 
references,  the  first  mention  of  string  figures  known  to  the 
author  is  that  of  Dieffenbach  who  noted  their  presence  in  New 
Zealand  in  1843.^   His  observations  actually  may  have  been 
antedated  by  those  of  Thomas  Petrie  who  some  time  Ix'tween 
1840  and  1850  noticed  the  Australian  natives  in  the  Brisbane 
area  playing  warrowarro,  a  term  they  subsequently  applied  to 
the  whiteman's  fences  because  of  their  resemblance  to  string 
figure  patterns.*   In  1844  Cawthome  called  attention  to  the 
custom  for  the  Adelaide  tribe  *  and  in  1845  Eyre  added  his  ob- 
servation for  the  Southeast.* 

2  Dieffenbach,  Vol.  II,  p.  32. 

3  Roth,  1903,  i>.  ."s:;. 
♦  Cawtliorn*-.  p.  1 4. 

5  Eyre,  Vol.  H,  p.  227.    AnotluT  i-arlv  n-fercnr*'  (lH~>7 )   is  IJuikh-,  p.  7.'t  for 
Victoria. 
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In  all  other  i)arts  of  the  world  the  discovery  of  striiis"  fiu 
ures  by  Europeans  seems  to  have  been  reported  only  at  a  later 
date.    They  were  noted  among  the  Eskimo  in  1864  and  in  P^>ly-\ 
nesia  in  1876.''    Elsewhere  their  presence  was  recorded  in  >T:. 
moi'c  recent  times  and  even  todav  there  are  maiiv  tribes  f^-r 
which  no  information,  either  positive  or  negative,  is  availabk 
Although  it  seems  likely  that  they  are  not  known  to  all  natir-. 
peoples  there  can  be  little  doubt  that  investigation  would  revea. 
their  presence  among  many  of  them. 

Of  the  early  writers  none  attempted  to  describe  the  metfaini 
of  making  the  string  figures  they  saw,  nor  did  they  illastratt 
the  patterns  they  witnessed.  Their  information,  therefore,  i* 
of  little  actual  value  except  as  historical  records,  for  it  throir«. 
no  light  on  the  many  technical  problems  of  string  figure  develop- 
ment and  diffusion.  Even  at  the  present  time  few  field  worker- 
take  the  troul)le  to  record  the  methods  of  manipulation  in  tbt 
areas  they  investigate. 

The  first  scientific  interest  in  string-  figures  dates  from  187 
wlien  Tylor,  in  a  general  discussion  of  games,  drew  atteiili«ni  i 
their  etlmological  significance.'  In  1881  Klutschat  illustrated 
the  finished  designs  of  three  Eskimo  figures,*  but  the  first  serion^ 
interest  in  the  field  was  shown  bv  Boas  who  in  1888  made  the 
initial  ef^ort  to  describe  the  intricate  manipulation  employed  by 
the  Eskimo."  There  was  no  immediate  response  from  others  to 
record  procedure,  but  Tenicheff  (1898)  and  Kroeber  (1899)  did 
illustrate  the  patterns  of  other  Eskimo  groups.**  At  this  time 
Roth  was  investigating  the  tribes  of  northern  Queensland  and 
in  1902  he  published  the  first  illustrations  of  Australian  figures. 
Unfoi  lunately  the  procedures  were  not  recorded,  hence  his  lar^rt 
collection  of  seventy-four  patterns  is  of  little  ethnological  sig- 
nificance except  in  so  far  as  it  demonstrates  the  great  wealth 
of  designs  and  breadth  of  interpretation  within  a  given  area. 

Tn  1902  Rivers  and  A.  C.  Haddon  brought  out  a  ])aper  (•!] 
method  of  recording  string  figures,  a  system  on  which  all  sub- 
sequent descriptions  have  been  based,  although  many  writers 
have  substituted  details  in  terminology. 

«  HaU,  p.  366;  Gill,  p.  65. 

7  Tylor,  p.  26. 

«  Klutschat,  p.  136. 

Boas,  p.  229. 
10  Tenicheff,  p.  153;  Kroeber,  p.  298. 
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The  first  attempt  to  treat  the  subject  from  a  universal  point 
•f  view  was  by  Caroline  Furness  Jayne  in  1906.    Mrs.  Jayne 

lot  only  brought  together  the  material  available  at  that  time  but 
ilso  extended  considerably  our  knowledge  of  the  distribution  and 
mportance  of  string  figures  among  the  various  peoples  of  the 
world  by  personally  recording  a  great  number  from  the  several 
native  groups  assembled  at  the  1904  World's  Fair  at  St.  Louis. 
Since  her  pioneering  effort  many  collections  with  full  descrip- 
tions and  illustrations  have  been  made  in  many  regions  but  only 
]Miss  Kathleen  Haddon  has  evinced  much  general  interest  in 
their  worldwide  ethnological  significance  and  only  Jenness  for 
the  Eskimo  has  contributed  a  comprehensive  comparative  study 
of  an  entire  ethnic  area,  although  a  number  of  preliminary  sur- 
veys have  been  made  for  Polynesia,  each  from  the  point  of  view 
of  some  particular  group  of  islands." 

AUSTRALIAN  STRING  FIGURES 

Although  Australia  was  the  first  continent  for  which  string 
figures  were  reported  it  has  been  the  most  neglected  in  so  far 
as  this  subject  is  concerned.'-  For  other  parts  of  the  world  we 
now  have  a  fair  number  of  descriptive  studies,  but  for  Australia 
the  interest  has  been  lamentably  weak.  Following  Both's  illus- 
trations in  1902  no  interest  was  shown  until  Miss  Haddon  vis- 
ited the  continent  in  1914  and  later  published  in  1918  the  descrip- 
tions of  six  figures  from  South  Australia,  one  from  Victoria 
and  seventeen  from  Cape  York,  North  Queensland.  She  was 
followed  in  1925-1926  bv  Stank- v  who  collected  over  sixtv  figures 
in  the  Cairns  region  of  Queensland.  Although  there  have  been 
excellent  opportunities  for  investigation  in  other  parts  of  the 
continent  they  have  been  entirely  neglected  by  other  field 
workers. 

In  recent  years  a  growing  interest  has  been  manifest  but 
unfortunately  it  has  been  confined  to  the  collection  of  final  pat- 
terns rather  than  the  recording  of  the  procedures.  However, 
these  collections  of  finished  figures  do  demonstrate  the  wide- 

11  See  Handy,  Ilornell,  Dickey. 

12  Spencer,  II,  p.  581,  who  investigated  the  central  regions  where  string  figures 

have  boon  fomul  to  be  particularly  abundant,  makes  reference  to  them  only  in  ymssing 
for  the  Bcrraloola  district,  North  Australia,  and  illustrates  two  finished  figures. 
Bates,  p.  95,  states  that  Prof,  Radcliffe-Brown  in  1910  was  concerned  with  string 
figures  near  Sandstone,  Western  Australia. 
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spread  importance  of  string  fignres  in  Australian  t-iilture  aii  ' 
indicate  tlie  fruitful  field  which  awaits  investigation.  Mouniei 
on  paper  in  the  South  Australian  Museum  is  a  collection  by 
Mr.  N.  B.  Tindale  consisting  of  five  South  Australian  figuri>. 
of  which  three  are  from  the  Coorong,  two  from  the  Diamantiua 
district,  and  seventy-eight  figures  from  Central  Australia.' 
Of  the  latter  at  least  sixteen  are  duplicates,  althoug^h  they  are 
kno\Mi  by  different  names.  Since  these  particular  patterns  are 
quite  simple  their  procedures  may  or  may  not  be  the  same,  for 
similar  results  often  can  be  obtained  by  different  manipalatioiis. 
Unfortunately  the  strings  have  slipped  for  some  of  the  other 
figures,  hence  they  are  unreliable  for  comparative  pari>ose8. 

The  museum  also  has  a  collection  of  sixteen  mounted  pat- 
terns gathered  in  Arnhem  Land,  North  Australia,  by  Mr.  H.  U. 
Shepherdson.  Although  these  designs  are  basically  similar  to 
other  North  Australian  figures,  a  number  of  them  are  char- 
acterized by  peculiar  twists  in  the  strings  which  are  unique  and 
presumably  of  local  development. 

Another  district  in  which  interest  recentlv  has  been  aroused 

* 

is  southern  Queensland  where  Mrs.  C.  Tennaut-Kelly  has  photo- 
graphed a  number  of  patterns. 

The  string  figures  described  in  this  study  were  collected  by 
the  author  in  1930,  1931,  193S  and  1939  in  various  localities  in 
North  Australia,  Western  Australia,  South  Australia  and  Vic- 
toria. Altogether  one  hundred  and  twenty-four  string  figures 
and  twenty-one  string  tricks  were  recorded  but  as  the  result 
of  duplications  in  various  areas  the  total  number  of  different 
examples  is  somewhat  less.  Their  distribution  among  the  sev- 
eral tribes  and  localities  is  indicated  in  the  following  table. 
Catches  and  cat 's  cradles  were  not  noticed  anywhere. 

NORTH  AUSTRALIA 

String  Figures     String  Trickt 
Katlierine  River-Daly  River-Victoria  River  District: 

Wardaman  Tribe    41  2 

Ngaiinnan  Tribe   13 

Wagoman  Tribe    4 

Tagonian  Tribe    1  1 

Marithiel  Tribe  (Brinken)    1 

MuUik-Mullik  Tribe   1 

»3  For  a  list  of  these  figures  see  appendix.    Mr.  N.  B.  Tindale  has  infonueti  the 
writer  that  string  figures  arc  made  along  the  western  coast  of  South  Australia. 
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Darwin  District  (collected  in  Darwin): 

Melville  Island    8 

Darwin    1 

Coast,  East  of  Darwin   2 

WE8TEBN  AUSTRALIA 

Kimberley  District: 

Djaru  Tribe    7 

Kidja  Tribe    7 

Broome- DeGrey  i)i^tri^•t : 

Karadjeri  Tribe    1 

Nangumarda  Tribe    3 

Ngarla  Tribe    1 

Targudi  Tribe   1 

Northwest  District: 

Panjima  Tribe    2 

Injibandi  Tribe    3 

Ngaluma  Tribe    4  2 

Mardudliunera  Tribe    2 

Talainji  Tribe   2 

Baiong  Tribe   2 

Tngarda  Tribe  "   3  6 

Southern  District: 

Kellerberrin    3 

Southern  Cross   5  3 

Quairading    1 

Onowangerup    2 

Laverton    1 

Mogumber   2 

Moora   1 

CENTRAL  AUSTRALIA 

Amnta  Tribe  (collected  in  South  Australia)    1 

SOUTH  AUSTRALIA 

Maraura  Tribe    1 

Swan  Reach   1  3 


VICTORIA 

Western  District  (collected  at  Lake  Tyers,  Oippsland)  1 

The  locations  of  the  tribes  and  localities  mentioned  are 
plotted  on  the  map  in  Fig.  1.  Also  included  in  the  positive 
distribution  are  other  areas  for  which  native  testimony  con- 
firms the  presence  of  string  figures  but  for  which  specific  pro- 
codures  and  patterns  were  not  known  to  the  informants.  For 
instance,  there  is  no  doubt  that  string  figures  are  present 
throughout  tlie  Northwest,  the  southern  Kimberley  Division  and 
adjacent  North  Australia,  and  at  least  the  western  portion  of 
the  great  desert  east  of  the  DeGrey  River.  Presumably  there 
is  a  contiguous  distribution  throughout  the  continent  but  the 
blank  spaces  on  the  map  must  await  more  reliable  information. 
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< —   Known  directions  of  recent  difFnsion. 

I  I  I  I  String  figures  known  to  be  lacking.  (Information  from  old  natives,  and  from 
early  white  settlers  at  Bnsselton  (age  85),  Warriup,  Esperanee,  Mingenew 
(nge  84),  Mullewa  (age,  over  70),  Mount  Magnet  and  Cue. 

WW    string  tiguros  present.    Tribes*  and  Areas  include: 


i^ucchslund — 

Cape  York  and  Torres  Strait. 
Cairns  District. 
Southeast  and  Brisbane. 

^ ew  South  WdJt's — 

No  specific  mention. 

Victoria — 

Central  and  Western  Districts. 

South  Awtralia — 

Northeast — Diamantina. 

Southeast — Marauia  and  Adelaide 
tril)os,  Swan  Reach  and  Coorong. 

West  Coast  District. 

Northern  District — Arunta  tribe  and 
neighbors. 

Central  A  us ( ra I ia — 

Arunta  tribe  and  neighbors. 

Western  Aitgtraiia — 

Kimberh^y  Division — K  i  d  j  a  and 
Djaru  tribes  and  neighbors. 


Broome- DeGrey  District — Karadjeri, 
Nangumarda  and  Ngarla  tribes 
and  neighbors. 

Nortiiwest  Division — Xgaluina,  Ka- 
riera,  Injibandi,  Panjima,  Tar- 
gadi,  Mardudhunera,  Noala,  Ji- 
wali,  Warienga,  Wajeri,  Talainji, 
Baiong  and  Ingarda  tribes  and 
neighbors. 

Inland  Central  and  Southern  Dis- 
tricts— Moora,  Lavcrton,  KcUer- 
berrin,  S(»uthern  Cross,  Gnowan- 
geru]),  Mogumber  and  Qnairading. 

Xorth  AuslralUi — 

Nortlieast — Arnhem  Land  and  Bor- 
raloola. 

North — Melville  Island,  Darwin  and 
Coast. 

West — Wardaman,  Ngainman,  Tago- 
man,  Wagoman,  Mnllik-mullik  and 
Marithiel  tribes  and  neighbors. 


*  ¥oT  more  specific  locations  see  Davidson,  1938. 
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Tlie  ahove  list  slioiild  not  he  coiisick'rcd  nii  index  U\  the  t<ita] 
iiiimhor  of  lii»urc's  known  in  any  particular  tribe  or  locality  but 
inerelv  as  a  record  of  the  number  collected  in  each  bv  the  author. 
Knowledge  of  and  interest  in  string  figures,  as  well  as  ability 
to  portray  them,  were  found  to  vary  considerably  amon«:  indi- 
viduals, hence  to  secure  a  complete  list  foi-  any  particular  tribe 
a  canvass  of  the  entire  population  would  be  necessary.  F<^>r 
the  Arunta  of  Central  Australia  and  those  North  Australian 
tribes  represented  in  the  table  by  only  a  few  figures  the  data 
were  gathered  from  stray  individuals  encountered  in  other 
tribal  territories.  Since  it  appears  likely  that  all  tribes  in  a 
particular  district  are  acquainted  with  more  or  less  the  same 
figures  it  would  seem  that  a  more  intensive  survey  would  re- 
veal that  the  North  Australian  Wagoman,  Tagoman,  Marithiei 
and  MuUik-Mullik  tribes,  represented  on  the  list  by  so  tew  Gg- 
ures,  actually  know  a  great  many. 

The  South  Australian  and  Victorian  figures  were  securt*'^ 
from  among  the  few  survivoi's  of  their  particular  tribes  and 
it  probably  is  now  too  late  to  supplement  them  by  further 
inquiries. 

In  so  far  as  WesteiMi  Australia  is  concerned  the  above  list 
in  g'eneral  jn-ohably  is  fairly  accurate.  The  author  had  the  op- 
portunity to  make  rather  intensive  investigations  in  this  state 
and  although  most  of  the  tribes  enumerated  are  now  quite  deci- 
mated and  Europeanized,  the  figures  o})tained  throughout  a 
tremendous  region  were  found  to  be  quite  consistently  the  same, 
a  condition  which  suggests  that  other  figures,  if  known,  prob- 
ably are  not  numerous. 

As  the  result  of  the  widespread  distribution  of  many  figures 
there  are  several  duplications  in  the  above  tabulation.  If  these 
be  eliminated  by  states  the  number  of  different  figures  in  each, 
as  represented  in  the  author's  collection,  would  be  as  follows: 


leather  revision  for  the  continent  at  large  reduces  the  total 
collected  by  the  author  to  sixty-eight  string  figures  and  six  string 
tricks. 


string  Figures     String  Triek* 


North  Australia  . 

Wi'sti'iii  Aiist  lulia 


53  5 
14  6 

1 


Central  Australia 
South  Australia 
Victoria   


2  3 
1 
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ANTIQUITY  OP  STRING  FIGURES  IN  AUSTRALIA 

1?liat  string  figures  were  enjoyed  in  mucH  of  Australia  in 
i.l>original  times  is  certain.    Their  early  presence  is  attested  for 
iraTious  eastern  and  southeastern  localities  bv  the  documentarv 
sv4.c5Lence  already  mentioned  and  can  be  inferred  for  the  central 
and  northeastern  portions  of  the  continent  from  the  great  in- 
tensity of  appearance  in  those  regions  at  the  present  time.  On 
tlie  other  hand,  it  is  important  to  note  that  they  are  not  of  conti- 
ixental  distribution.   They  are  not  reported  for  Tasmania,  for 
wliich  there  are  theoretical  grounds  for  believing  they  were  en- 
txT'ely  unknown  in  aboriginal  times,  and  it  can  be  said  definitely 
tliat  they  were  lacking  in  the  coastal  districts  of  Western  Aus- 
ti-alia  between  Esperance  on  the  south  and  Shark's  Bay  on  the 
north,  as  well  as  inland  tlir()ug:h  the  Murchison  area  apparently 
far  east  as  Mount  Magnet  and  Cue.    For  most  of  the  remain- 
tier  of  Western  Australia,  which  ()('cui)ies  roughly  one  third 
o£  the  continent,  wo  have  evidence  to  show  that  string  figures 
are  of  recent  introducticui  from  areas  to  the  east. 

In  the  extreme  northwest  the  relatively  recent  westward 
movement  is  well  affirmed  by  native  testimony.    Old  Ingarda 
natives  in  the  (^arnarvon  area  claim  they  tirst  learned  string 
figures  in  their  childhood,  about  the  beginning  of  the  twentieth 
century,  from  their  northern  neighbors,  the  Baiong.    The  latter, 
in  turn,  state  that  string  figures  were  unknown  to  them  until 
about  that  time  when  they  acquired  them  from  their  neighbors 
to  the  north,  the  Talainji.    The  general  accuracy  of  this  testi- 
mony is  substantiated  by  old  white  inhabitants  who  recall  the 
marked  enthusiasm,  about  1900  or  shortly  thereafter,  which  ac- 
companied the  initial  introduction. 

For  the  coastal  area  further  to  the  northeast  an  old  Mar- 
dudhunera  man,  apparently  between  sixty  and  seventy  years  of 
age,  claimed  that  when  he  was  a  child,  presumably  some  time 
between  1880  and  1890,  his  people  first  learned  string  figures 
from  their  eastern  neighbors,  the  Ngaluma,  who  alread}'  pos- 
sessed them  at  that  time,  according  to  the  recollections  of  in- 
formants of  about  the  same  age  from  this  tribe. 

For  the  central  Lyons  River  area,  a  few  hundred  miles  to 
the  south,  an  even  more  I'ecent  dilTusion  is  indicated.  Warienga 
natives  of  not  over  middle  age  assei't  that  string  figures  cjime 
through  the  ranges  from  the  north  within  their  adult  memory, 
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or  well  within  tlie  i)resoiit  eontury.    Amoiiir   tlieir  nortlie"j 
noiglibors  are  the  Jiwali  for  whom  a  midille-ag"ed  repre^H''  | 
tive,  possibly  in  his  early  forties,  stated  that   string  ti^ur- 
antedated  his  memorv.    The  claim  of  recent  soutliward  dittOM  J 
iu  this  region  is  supported  by  an  early  white  settler  near  Mobp'  ' 
Augustus  who  insists  that  string  figures  were  still  iiiiknowii  thtr 
in  1910,  the  year  he  departed  the  locality.   Althoug^h  it  L<i  ga- 
erally  found  that  whites  who  have  employed  natives  for 
and  profess  to  know  them  intimately  are  unaware  of  the  pi^ 
ence  of  string  figures,  a  condition  probably  explained  by  tfe 
association  of  this  pastime  with  leisure  moments  in  the  native 
camp  rather  than  wdth  working  hours,  most  categorical  denial* 
of  this  sort  cannot  be  relied  on  with  any  degree  of  certainty.  Ii 
this  instance,  however,  the  statement  is  consistent  with  othrr 
evidence  from  the  same  general  region. 

The  westward  s[)read  of  string  fignres  in  the  Nortliwest  a.- 
is  suggested  by  cultural  evidence.  The  Ingarda  and  Baiui. 
lacked  nets  in  a])original  times  but  both  they  and  the  Talainj; 
their  nortlici'n  neighbors  and  the  westernmost  tribe  to  mak' 
nets,  apply  the  term  ''Net"  to  the  same  pattern.  This  figure 
is  known  by  the  same  name  among  the  net-making  coastai 
Xgaluma  and  the  neighboring  inland  Panjima  and  Injiband 
of  the  central  Fortesque  River  who  lack  nets  but  associate  tbeo 
with  the  Ngaluma.  A  similar  situation  in  respect  to  the  very 
same  figure  is  found  a  few  hundred  miles  to  the  east  at  Nnllagu>^ 
where  the  Nangumarda  and  Targudi  who  now  reside  there  asso- 
ciate nets  with  the  inhabitants  of  the  lower  DeGrev  River. 

A  relatively  recent  introduction  of  string  figures  in  most  <»f 
Western  Australia  also  can  be  inferred  from  the  general  tenJ 
ency  to  interpret  the  patterns  in  terms  of  suggested  Eniojx^ui 
objects.  Thus  the  figure  so  widely  known  as  "Net'*  is  terme*! 
by  other  inland  tril)es  ''Bed"  because  of  its  resemblance  to  tlh 
springs.  For  the  same  reason  other  designs  in  other  ]XM*iplieral 
districts  are  known  bv  the  same  term.  In  certain  southorii 
localities  "Gate"  is  a  popular  designation  for  other  patteiii> 
This  type  of  evidence  in  itself  is  insufficient  to  warrant  an  inter 
pretation  of  recency  in  those  areas  where  string  figures  arv 
numerous,  such  as  North  Australia  where  only  a  few  desigii> 
have  English  names,  for  there  probably  is  a  common  tendenry 
to  rename  old  figures  as  the  aborigines  become  familiar  witb 
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"  European  objects.  However,  since  the  use  of  English  terms 
ippears  to  be  most  pronounced  in  western  peripheral  districts 
or  which  we  have  other  indications  of  recent  introduction,  this 
;ype  of  evidence  is  consistent  w^ith  the  conclusions  advanced. 

In  the'  inland  portion  of  southern  Western  Australia  the 
antiquity  of  string  figures  is  not  definitely  determined  by  direct 
3vidence,  but  it  would  seem  that  a  very  recent  introduction  can 
be  safely  inferred.  In  all  native  camps  in  this  area,  as  well  as 
on  various  farms  and  sheep  stations,  there  is  a  predominance  of 
lialf-castes,  most  of  whom  as  shepherds  or  itinerant  laborers 
have  travelled  extensively  in  the  state,  often  to  northern  districts 
where  string  figures  are  more  common.  The  relatively  few  full 
bh)()ds  in  this  area,  who  also  have  moved  about  considerably, 
are  now  almost  entirelv  detribalized.  In  addition  one  o-ouorallv 
tiiids  domiciled  with  them  stray  individuals  who  hail  from  all 
over  the  state,  including  the  distant  Kimberley  district.  Thus 
the  ethnic  situation  at  best  is  most  confused  and  few  informants 
can  be  considered  reliable  as  to  the  exact  provenience  of  the  little 
information  they  are  able  to  provide.  Of  the  old  people  with 
whom  the  question  was  discussed  all  denied  any  knowledge  of 
string  figures  in  their  childhood.  The  little  positive  informa- 
tion secured  came  almost  entirely  from  individuals  of  middle 
age,  a  condition  which  suggests  that  their  generation  may  have 
"been  the  first  to  become  acquainted  with  string  figures.  How- 
over,  all  were  uncertain  as  to  wliere  or  when  they  had  learned 
the  figui'cs  they  performed.  Some  had  the  o})inion  they  were 
^vllite  man's  games.  In  recent  times  there  seems  to  have  been 
very  little  interest  in  them,  for  manv  informants  stated  thev 
bad  not  made  them  for  years,  nor  had  they  taught  them  to  their 
children. 

One  therefore  gets  the  impression  that  the  very  few  figures 
in  these  southern  camps  were  not  integrated  with  local  aborig- 
inal culture  but  belong  to  the  more  recent  cultural  melange  of 
decadent  local  traits,  stray  aboriginal  influences  from  other  dis- 
tricts and  predominant  European  civilization.  Whether  the 
local  string  figures  have  come  from  the  northeastern  part  of 
the  state  or  have  infiltrated  from  Central  Australia  is  not  clear. 
However,  it  seems  safe  to  assume  that  in  these  particular  south- 
em  localities  they  are  of  quite  recent  appearance  and  probably 
arrived  well  within  the  present  century. 
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Auother  district  in  Western  Australia  where  string  figuib  1 
seem  to  be  a  recent  arrival  is  the  western  Kimberley  coa5ts  1 
country.   Various  white  settlers  claim  that  a  few  figures  bar 
been  introduced  from  south  of  the  range  only  during  the  h-'  1 
few  years.   A  general  northwestward  diffusion  in  this  region  i< 
consistent  with  the  traditions  of  the  Djaru  and  Kidja  tribes 
live  south  of  the  range,  and  who  thus  may  be  partly  responsiK- 
for  passing  on  some  figures,  for  they  associate  string  figures  ii 
general  with  the  tribes  to  their  east  and  sontheast  alone  * 
Xoi-th  Anstralian  border.    Incidentally  it  wonld  seem  that 
Djarn  and  Kidja  have  not  been  ae<]uainted  with  this  pastis- 
for  long,  for  they  know  only  a  few  figures  of  fairly  comni'C 
appearance. 

For  AVostern  Anstralia  we  therefore  have  reason  to  helieT 
that  string  figures  were  entirely  unknown  in  most  of  the  st;r 
until  near  the  end  of  the  nineteenth  century.  How  miicli  earliri 
they  may  have  come  to  the  districts  directly  contiguous  to  Xort: 
Australia  and  Central  Australia  cannot  be  indicated  for  bci 
of  data. 

Antiquity  in  Eastern  Austrama 

The  aiiticjuity  of  string  figures  elsewhere  in  Australia  i-^  in  * 
demonstrated  by  direct  evidence,  but  several  coiisitloi  ati' 
point  to  northern  Queensland  as  the  area  whence  they  diffustii 
to  other  parts  of  the  continent. 

For  instance,  there  seems  to  be  a  definite  tendency  for  th' 
immber  of  figures  to  decrease  as  the  distance  from  northern 
Queensland  increases.  For  the  latter  area  between  one  hundred 
and  one  hundred  twenty-five  already  have  been  reported,  com- 
pared with  sixty-eight  for  North  Australia,  eight  for  tiw 
Kimberley  district  and  a  total  of  six  for  the  remainder  of  the 
Northwest.  In  a  southwesterly  direction  we  find  a  minimnin 
of  sixty-three  for  Central  Australia,  seven  for  southern  West- 
em  Australia.  For  southern  Queensland  the  number  has  not 
been  determined  and  no  data  are  available  for  New  Sonth  Walef. 
but  for  eastern  and  southeastern  South  Australia  eleven  pat 
terns  have  been  noted,  for  Victoria  two. 

It  seems  (piite  certaiu  that  these  data  greatly  understate  tb*' 
situation  for  all  areas,  except  possil)ly  Western  Australia,  f"' 
it  cannot  be  doubted  that  the  total  number  of  figures  in  eacii 


oopynghicd  niateiial 


ABORIGINAL  AUSTRALIAN  STRING  FIGURKS 


781 


is  or  previously  was  somewhat  if  not  considerably  greater. 
BCowever,  since  this  condition  also  applies  to  northern  Queens- 
l£txid  where  the  large  number  of  known  figures  come  from  a  few 
small  localities,  the  present  evidence,  unsatisfactory  as  it  is 
fox  most  areas,  may  represent  a  fair  sampling  of  relative  in- 
texisity  for  the  continent  at  large. 

Anotlier  consideration  which  suggests  northeastorn  Australia 
OS  the  region  of  greatest  antiquity  is  the  great  numl)or  of  local 
l>Mt terns  there.    In  most  areas  wliere  string  figures  are  nu- 
merous, a  situation  wliicli  suggests  pronounced  i)opular  interest, 
IT.  I'elatively  hirge  proportion  seem  to  be  of  quite  local  appear- 
tiiice.    All  factors  being  equal  it  can  l)e  assumed  that  such  a 
ocimlition  is  indicative  of  a  longer  experience  with  string  figures 
than  is  the  case  where  only  widesj)read  patterns  are  found.  In 
this  respect  it  seems  significant  that  in  Western  Australia  no 
distinctly  local  designs  have  been  identified,  nor  are  there  any 
peculiarities  in  manipulation  not  typical  of  other  parts  of  the 
continent.    On  the  other  hand,  among  the  figures  of  northern 
Queensland,  North  Australia  and  Central  Australia  are  many 
patterns  not  noticed  as  yet  in  other  regions.    Thus  it  seems 
that  experimental  interest  has  led  to  successful  results  in  some 
Australian  districts.   If  there  be  readers  who  consider  the  de- 
velopment of  new  patterns  a  simple  achievement,  to  say  nothing 
of  the  discovery  of  new  steps  in  manipulation,  let  them  try  their 
hand  to  this  end. 

It  should  not  be  inferred  that  attainment  of  new  figures  neces- 
sarily involves  radical  departures  from  standard  Australian 
o]3enings,  movements  or  extensions.  There  are  some  novel  elab- 
orations, such  as  the  remarkable  twists  which  characterize  sev- 
eral figures  from  Ariihem  Land,  North  Australia,  and  pre- 
sumably others  are  awaiting  recognition,  but  judging  from  the 
basic  character  of  the  patterns  and  procedures  now  known,  it 
would  seem  that  a  lai'ge  ]iercentage  of  new  Australian  designs 
lias  l)cen  develojjed  by  varying  or  combining'  the  ])ro('eduies  of 
older  figuiH's.  Thus,  an  added  or  vai'iant  stcq)  at  the  beginning 
of  manipulation  may  cause  quite  a  ditferent  final  pattern,  but 
one  which  nevertheless  is  fundamentally  of  similar  character  to 
other  Australian  figures.  At  the  moment  it  is  difficult  to  analyze 
and  define  satisfactorily  these  distinctive  characteristics,  for 
we  are  in  need  of  more  comparative  material  from  other  parts 
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of  the  world  before  it  will  be  possible  to  distingiiisli  regional 
peculiarities.  But  if  one  will  acquaint  himself  with  the  A.iis- 
tralian  fi^ires  in  this  monograph  and  those  from  some  otlier 
part  of  the  world,  for  instance  the  Eskimo  collection  described 
by  Jenness,  he  will  sense  many  points  of  difference  not  onlv  ic 
the  more  obvious  manipulations  but  also  in  the  contrasting 
types  of  interlocking  arrangements  in  the  patterns.  If  put  ti» 
the  test  of  identifying  string  figures  of  unknown  provenience  it 
seems  not  unlikely  that  a  specialist  "would  be  able  on  technieal 
grounds  to  reject  many  figures  as  not  belonging  to  his  area  and 
to  accept  others  as  peculiar  to  the  major  ethnic  region  of  hi;* 
acquaintance.  Such  distinctions  obviously  would  have  to  ly*- 
made  in  terms  of  very  specific  secondary  criteria  for  in  all  parts 
of  the  world  the  basic  string  figure  traits  are  more  or  les> 
identical. 

Naming  and  Function  of  Figures 

In  Australia,  as  in  most  other  parts  of  the  world,  the  vast 
majority  of  string  figures  have  been  named  after  animals  or 
objects.  Such  a  selection  would  seem  to  be  natural  for  a  people 
who  lead  a  primitive  hunting  existence.  On  the  other  hand,  in 
view  of  the  complex  social  and  totemic  systems  in  Australia  and 
the  importance  of  magic  and  food-increase  rites  in  native  life, 
it  seems  strange  that  i)ractically  no  patterns  have  been  given  a 
social,  totemic  or  mai^ical  connotation. 

On  tlie  basis  of  present  information  it  would  seem  that  string 
figures  in  Australia  serve  almost  entirely  the  puri)ose  of  amuse- 
ment of  young  and  old  of  botli  sexes,  with  the  women  often 
knowing  a  greater  number  of  figures  than  the  men.  The  only 
reported  exception  are  the  figures  of  Arnhem  Laud,  North  Aus- 
tralia, concerning  which  there  is  a  vague  rumor  of  some  asso- 
ciation with  initiation  ceremonies. 

String  Tricks 

There  is  little  to  be  said  in  respect  to  the  six  string  tricks 
l)resent  in  Australia.  All  are  of  worldwide  appearance  and 
their  widespread  distribution  in  Austi'alia  suggests  tluit  they 
are  not  the  result  of  European  introduction.  String  catclies 
were  not  encountered  by  the  author  ou  the  continent  and  have 
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3t  l>een  reported  as  yet  by  other  investigators.  Examples  have 
^en.  collected  in  Torres  Strait  and  Oceania,  hence  their  dis- 
>very  on  the  continent  would  come  as  no  surprise. 

MELANESIAX  DERIVATION  OP  AUSTRALIAN 
STRING  FIGURES 

The  principal  reason  for  considering  northern  Queensland 
lie  ctrea  of  greatest  antiquity  is  found  in  a  comparison  of  Aus- 
:i-a.lian  and  Oceanic  figures,  for  on  this  basis  there  can  be  no 
loTilDt  that  string  figures  first  came  to  this  part  of  the  continent 
"i-oxn  Melanesia.    Not  oiilv  do  we  find  in  Melanesia  identical 
j^>i-ocodui'es  for  a  numbei-  of  the  more  complex  Australian  pat- 
toT*xis  but,  equally  signilicant,  also  the  presence  of  distinctive 
-  t  Ting  figure  usages,  manipulations  and  extensions  not  reported 
t*t>r*  other  parts  of  the  world.    As  stated  above  it  is  difficult  to 
clofine  at  the  moment  many  of  tliese  peculiarities  l)ut  the  evi- 
<  lonce  as  a  whole  seems  sufficient  to  indicate  that  Australia,  ]\[ela- 
1 1  osia,  Micronesia  and  Polynesia  comprise  a  major  string  figure 
area. 

Since  many  designs  can  \w  produced  by  entirely  different 
procedures,  comparisons  of  final  patterns,  unless  accompanied 
l>y  full  descriptions  of  the  manipulations,  are  worthless  for 
liistorical  purpf)ses."    For  this  reason  Roth's  seventy-four 
Queensland  designs  must  be  excluded  from  consideration.  This 
leaves  North  Australia  as  the  area  most  abundantly  represented, 
hence  most  of  our  comparisons  concern  figures  from  this  region. 
We  have  noted  that  both  Queensland  and  North  Australia  are 
characterized  by  a  large  proportion  of  local  figures,  nevertheless 
there  are  several  patterns,  Nos.  Ill,  X,  XXXIV,  XXXV  and 
LXVIII,  known  to  be  constructed  by  the  same  manipulation. 
When  more  extensive  collections  are  available  it  seems  likelv 
that  the  number  of  figures  with  identical  procedures  in  the  Uvo 
areas  will  l)e  increased. 

Of  the  figures  fully  described  for  the  continent  the  following 
are  made  in  the  Oceanic  areas  indicated  by  identical  manipula- 
tions, except  for  very  minor  variations  in  a  few  examples : 

1*  For  example,  one  of  the  most  widespread  lifiurcs  in  Australia,  Melanesia, 
Micronesia  and  Polynesia,  No.  XXXV,  is  produced  ])\  identical  jnocedures  tlirougli- 
ont.  The  final  pattern,  liowever,  is  found  also  in  North  America  and  Africa  where 
the  Klamath  and  Yoruba  respectively  construct  it  by  entirely  different  manipulations. 


784 


DANIEL  SUTHERLAND  DAVIDSON 


Nos.  IX,  XV  and  XXXV  in  the  D'Entrecasteanx  Island^. 

Nos.  IX,  XXXV  and  XXXVIII  in  New  Caledonia. 
No.  XXXVIII  in  New  Guinea. 

Nos.  Ill,  IX,  XV,  XX,  XXXII,  XXXV,  XXXVI,  XXXVIII 
(similar)  and  LXVIII  (similar)  in  Yap. 

Some  of  tliese  figures  also  appear  in  Polynesia  but  iho  prob- 
lem of  their  presence  there  is  associated  more  with  Melanesia 
than  with  Australia  and  need  not  concern  us  at  the  moment. 

The  finding  of  a  greater  number  of  identical  procedures  in 
Yap,  over  1,600  miles  north  of  Australia,  than  in  the  nearer 
Melanesian  islands,  is  interesting  and  possibly  may  be  an  im- 
portant clue  to  the  history  of  string  figures  in  the  whole  Oceanic 
region.  This  does  not  mean  that  there  is  any  direct  association 
between  Yap  and  North  Australia  for  it  may  be  merely  coinci- 
dental that  these  particular  patterns  were  among  the  first  col- 
lected in  each  area.  It  seems  likely  that  all  are  known  in  the 
intervening  area,  for  several  already  are  reported  there  as  a 
glance  at  the  above  list  indicates. 

Less  obvious  than  the  procedures  of  specific  patterns  for 
showing  historical  relationship,  but  perhaps  of  greater  ultimate 
value  for  this  purjioso,  are  a  number  of  string  figure  i)ractic('-^ 
and  peculiarities  found  in  one  part  of  the  world  but  not  iu 
another.  Since  string  tiguros  and  the  characteristics  of  their 
construction  are  unknown  or  very  poorly  known  for  so  many 
parts  of  the  world  any  attempt  at  present  to  define  technical 
traits  and  plot  their  distributions  can  be  only  of  a  most  pre- 
liminary nature.  The  following  traits  definitely  indicate  uni- 
formity in  tradition  between  Australia  and  Oceania,  but  whether 
they  are  peculiar  only  to  these  two  regions,  either  specifically  as 
stated  or  as  redefinable  Pacific  variants  of  more  widespread 
customs,  cannot  be  determined  at  the  moment.  This  list,  there- 
fore, is  offered  tentatively,  subject  to  revision  and  redefinition :  I 

1.  Use  of  two  strings  and  the  sei'vices  of  two  players  foi-  a 
single  figure.    See  LXVTIT.    North  Australia,  Queensland,  Yap, 
New  Zealand,  Marquesas  and  Hawaii,    ('ompare  with  final  , 
patterns  from  Palau  and  New  Guinea.    (For  references  see 
Appendix  E.) 

2.  Placing  strings  on  lap  for  certain  movements.  See  XLI. 
XLIII  and  XL VI.  North  Australia,  D 'Entrecasteaux  Is.  and 
New  Caledonia. 
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3.  Crossing  hands  for  extension.  See  III.  North  Australia, 
Queensland,  Torres  Strait,  Fiji  and  Yap. 

4.  Turning  one  hand  in,  the  other  out,  in  some  extensions. 
-4ee  II,  XXIV,  XXXIX  and  XL.   Much  of  Australia  and 

>ceania. 

5.  Use  of  doubled  loop.  See  1,  II,  III,  VII 1.  North  Aus- 
i*alia  and  Yap. 

6.  Concept  of  a  series  whereby  several  ])rogressive  pat- 
oriis  are  made  by  a  single  player  or  alternately  by  two  players. 

See  XLVII-LI  and  LII-LX.  Australia,  Fiji  and  the  Gilbert 
Islands. 

7.  The  Elbow  Opening.  See  LXV-LXVII.  North  Aus- 
tralia and  Palau. 

8.  The  Pindiki  movement. 

A  most  important  trait  in  Oceania  and  Anstralia  is  the  Piu- 
(liki  movement,^'  otherwise  known  as  the  Caroline  Islands  Ex- 
tension. Since  it  is  employed  as  a  step  in  manipulation  of  many 
fio^ures  as  well  as  an  extension,  the  former  term  is  preferred.  A 
description  of  the  movement  is  given  on  page  797.  Our  interest 
in  it  at  this  time  is  confined  to  its  significance  in  Oceanic  and 
Australian  string  figure  construction. 

The  distribution  of  Pindiki  is  interesting  and  ultimately  may 
tlirow  important  light  on  the  history  of  string  figure  elaboration 
ill  the  central  Pacific.  In  addition  to  its  apparent  universal  nse 
ill  Australia  it  is  found  in  New  Caledonia,  the  Loyalty  Islands, 
Fiji,  New  Zealand  (not  common),  the  Ellice,  Tokelan,  Gilbert 
and  ( 'aroline  Islands,  and  in  Nanrn.  It  seems  to  be  lacking  in 
Tonga,  the  ^larqnesas  and  Society  Islands,  Tahiti,  Hawaii,  and 
in  North  and  South  America,  Asia,  Africa  and  Europe. 

Whatever  may  be  the  antiquity  of  string  figures  in  the  Pacific 
the  regional  distribution  of  Pindiki  suggests  that  this  movement 
is  of  relatively  recent  origin.  Since  it  is  lacking  in  marginal 
Polynesia  it  may  be  of  recent  appearance  in  western  Polynesia 
but  for  the  time  being  we  cannot  determine  whether  it  originated 
there  or  diffused  from  Melanesia  or  IMicronesia.  Since  Pindiki 
is  of  universal  use  in  Australia  it  seems  likelv  that  it  accom- 
panied  the  original  introduction  of  string  figures  from  Mela- 
nesia.  If  so,  any  conclusions  which  may  be  developed  in  respect 

15  From  native  terminology.    See  Haddon,  K.,  1930,  p.  156. 
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to  the  time  and  place  of  the  origin  of  Fiiidiki  would  throw  ligbt 
upon  the  question  of  the  antiquity  of  string  figures  on  the 

continent. 

The  Pindiki  movement,  like  other  culture  traits,  appears  to 
have  undergone  its  own  historical  spread  without  any  neces- 
sary association  with  any  particular  figure  or  group  of  figures. 
To  a  person  learning  string  figures  directly  from  natives  thi*? 
movement  may  appear  as  an  integral  part  of  the  procedure- 
This  association,  however,  is  purely  incidental,  for  the  design 
could  have  been  made  by  clumsier  manipulations.   In  reality, 
Pindiki  is  no  more  than  an  eflScient  and  convenient  method  of 
stretching  the  strings  the  better  to  portray  the  design.    It  can 
be  applied  to  numerous  figures  in  all  j^arts  of  the  world  and  f<  >r 
this  reason  its  localized  distribution  cannot  be  ascrilji^d  to  any 
peculiarity  of  the  string  tigures  of  Oceania.    Why  this  simple 
device  of  portrayal  has  not  been  discovered  in  other  parts  of 
the  world  is  indeed  remarkable. 

BASIS  FOR  COMPARATIVE  STUDIES  OF  STRING  FIGURES 

To  those  not  intimately  acquainted  with  string  figures  it  may 
seem  strange  that  the  similarities  between  Melanesia  and  Aus- 
tralia are  not  more  numerous.  However,  it  should  be  pointed 
out  that  our  collections  not  only  are  incomplete  but  the  large 
proportion  of  local  patterns  in  each  area  provide  no  basis  for 
comparison.  Xor  has  mention  been  made  of  the  great  number 
of  identical  fundamental  string  figure  traits  in  Melanesia  and 
Australia  which,  as  the  result  of  their  universal  appearance, 
throw  no  special  light  on  Oceanic  problems. 

From  the  point  of  view  of  worldwide  comparisons  the  identi- 
cal appearances  in  Melanesia  and  Australia  become  much  more 
impressive,  for  in  spite  of  the  fact  that  string  figures  in  all  parts 
of  the  world  have  a  common  foundation  we  seldom  find  the  same 
patterns  in  widely  separated  regions,  and  of  the  few  so  found 
most  are  ])roduced  by  entirely  different  procedures.  Theoreti- 
cally this  condition  is  most  unexpected  for  we  should  anticipate 
some  evidence  of  a  common  substratum  in  sim])le  procedures  and 
])att(M  iis,  as  well  as  some  exam])les  of  in(h'i)endent  ])arall(d  de- 
velopment as  the  result  of  the  hiws  of  chance,  for  in  all  areas 
there  are  a  number  of  constant  factors  in  the  principles  of  string 
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li^re  construction  which  favor  the  accidental  attainment  of  the 
same  final  design  by  the  same  means.   These  include : 

1.  Openings. — ^The  construction  of  all  string  figures  com- 
mences with  a  specific  opening  or  initial  arrangement  of  the 
strings  on  the  fingers.   As  anyone  can  soon  discover,  it  is 
possible  to  place  a  loop  on  the  hands  in  many  different  ways. 
However,  string  figure  makers,  throughout  the  world  have  uti- 
lized hardly  more  than  a  score  of  different  arrangements  and 
of  these  several  represent  elaborations  of  four  fundamental 
types  herein  called  First  Position  and  Openings  A,  B  and  C. 
Indeed,  since  Opening  A  is  derived  from  First  Position,  it  conld 
be  maintained  that  there  really  are  but  three.    Furthermore,  it 
is  theoretically  possible  that  Oi)oning  B  has  been  derived  from 
Opening  A.    First  Position  and  Opening  A  seem  to  be  every- 
where, as  is  Opening  B.    ( )|)ening  C,  which  technically  conld  be 
related  to  Opeiung  B,  occupies  almost  as  widespread  a  distribu- 
tion.   The  few  odd  openings  appear  only  in  regional  or  local 
distributions,  are  always  found  in  association  with  the  funda- 
mental openings,  and  form  the  basis  for  so  few  figures  that  they 
are  of  little  relative  importance.    Thus  practically  all  the  string 
figures  in  every  region  have  been  developed  from  four  standard 
openings. 

2.  Size  of  Loop. — ^Another  basic  trait  of  universal  uniformity 
is  the  size  of  the  loop  employed.  In  all  regions  most  loops  are 
made  from  a  string  varying  in  length  between  four  and  seven 
feet,  but  selected  at  random  without  any  particular  attention  to 
exact  size.  Depending  on  the  opening  selected  such  a  loop  places 
the  hands  between  eight  and  eighteen  inches  apart  when  manipu- 
lation commences.  As  constrnction  proceeds  the  network  of 
strings  between  ihe  hands  l)ecomes  more  complex  and  as  a  re- 
sult the  hands  are  drawn  closer  and  closer  together.  Therefore, 
other  factors  being  eipial,  the  smaller  the  loop  the  fewer  the  pos- 
sible number  of  manipulations  before  further  movements  become 
impracticable,  contiariwise  the  larger  the  loop  the  more  numer- 
ous the  possible  manipulatious  aud  the  more  intricate  the  final 

•  patterns. 

Since  we  have  in  the  figures  of  many  areas  abundant  evidence 
to  indicate  interest  in  the  development  of  more  complex  designs, 
it  seems  strange  that  so  few  aboriginal  experimenters  recognized 
in  a  larger  loop  the  answer  to  some  of  the  problems  with  which 
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they  were  faced,  for  only  occasionally  are  we  informed  that  a 
loop  somewhat  larger  than  usual  is  required  or  desired  for  l 
certain  figure.  Only  the  natives  of  Nauru,  an  Oceanic  island, 
seem  to  have  seized  upon  the  opportunities  offered  by  a  loop 
twice  normal  size  and  it  is  among  their  figures  that  we  find  a 
most  extraordinary  intricacy  of  pattern."  Whatever  the  al^i- 
ties  of  these  islanders  in  discovering  involved  procedures,  ther^ 
can  he  no  doubt  that  their  successful  application  can  be  at- 
tributed to  the  increased  size  of  the  loop  they  employed.  If  such 
remarkable  results  can  be  attained  by  the  use  of  a  lof)p  t^ncv 
normal  size  what  labyrinths  in  striuic  could  be  created  if  thv 
possibilities  of  a  loop  sevei-al  times  as  large  were  fully  exploited! 

There  seems  to  be  no  rational  explanation  for  the  universal 
use  of  the  same  sized  loop.  It  cannot  be  admitted  that  the  cus- 
tomary size  is  employed  solely  because  it  is  most  convenient  to 
handle,  for  were  it  not  suitable  for  the  vast  majority  of  figures 
made  by  each  people  its  length  presumably  would  soon  be  altered. 
We  should  expect  to  find  string  figure  dilettantes  in  each  society 
content  to  accept  the  traditional  loop  without  thought  of  the 
possibilities  of  more  complex  constructions,  but  it  does  seem 
peculiar  that  the  experimenters  responsible  for  the  development 
of  complex  fig'ures  failed  to  recognize  and  take  advantaire  of  a 
great  opportunity  for  much  more  intricate  accomplishments. 

8.  Pr'niriph's  of  Const nict i())is. — With  very  few  exceptions  •' 
final  string  figure  patterns  are  suspended  on  two  main  transverse 
strings,  usually  the  two  parallel  hand-to-hand  strings  found  in 
each  opening  arrangement,  but  occasionally  the  two  diagonal 
strings."  Hence,  regardless  of  how  these  particular  string);; 
may  be  manipulated  in  the  course  of  construction,  they  must 
be  brought  to  their  proper  relative  positions  before  the  final 
figure  can  be  completed.  In  the  more  simple  figures  this  may 
be  accomplished  by  only  two  or  three  movements;  in  the  more 
complex  examples  many  intermediate  steps  may  be  required. 

An  important  consideration  in  construction  is  the  coordina- 
tion or  lack  of  coordination  of  the  hands.    Since  it  is  much 

i«  For  illustrations,  see  Jaytie,  pp.  367-370.  Barton,  PI.  XXVI,  indioatt's  that 
a  long  8triug  is  used  iu  Britisli  New  Guinea  for  figures  described  as  "  perplexinglr 
Complicated. ' ' 

it  For  example,  see  Figs.  9,  25-30,  40-42,  51,  99. 

IS  Tlic  two  diiigonal  strings  arc  sonictitncs  brought  to  a'  parallel  position  bj"  S 
final  crossing  of  the  hands.    For  example  see  Nus.  Ill  and  XXXIX. 
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easier  to  follow  ])roc'C'(liires  in  which  the  movements  of  the 
hands  are  the  same,  it  would  seem  that  those  in  which  the 
;  manipulations  of  one  hand  are  radically  different  from  those  of 
the  other  represent  a  relatively  late  development  in  string;  fig- 
ure history.  This  conclusion  undoubtedly  is  valid  in  respect  to 
such  an  intricate  figure  as  The  Fox  and  the  Whale"  of  the  King 
Island  Eskimo,  produced  by  twenty-eight  steps  in  which  the 
movements  of  the  hands  are  decidedly  unalike.'"  Such  a  com- 
plicated procedure  can  be  the  outcome  of  only  a  long  experience 
with  string  figures  and  presumably  requires  an  intelligence  bet- 
ter than  average  for  successful  completion.  Examples  of  com- 
parable complexity  have  not  been  noted  as  yet  for  Australia, 
but  a  Torres  Strait  figure,  "Trigger  Fish,"  can  be  classified  in 
this  advanced  category.-" 

Not  all  figui'es  in  which  the  movements  of  the  hands  are  not 
coordinated  are  characterized  by  complexity.  A  much  greater 
nnm])er  are  attended  l)y  relative  simplicity  and  the  differences 
in  the  movements  may  be  confined  to  only  one  or  two  steps,  often 
a  manoeiiver  to  pick  up  a  particular  diagonal  string  which  oc- 
cupies a  different  position  on  each  hand.  Obviously  such  pro- 
cedures cannot  be  considered  advanced  on  the  basis  of  com- 
plexity of  construction.  On  the  other  hand  they  certainly  cannot 
be  regarded  as  preliminary,  for  it  seems  reasonable  to  suspect 
that  some  general  knowledge  of  string  figure  construction  under- 
lies the  discovery  of  these  special  types  of  uncoordinated 
manipulations. 

A  third  varietv  in  which  the  movements  of  the  hands  are 
dissimilar  is  to  be  found  in  figures  constructed  almost  entirely 
by  manipulation  with  one  hand.-'  Tn  most  exami)les  the  pro- 
cedure is  not  extremely  complex,  hence  hei  e  again  there  are  no 
a  priori  technical  grounds  for  considering  the  construction  as 
particularly  primitive  or  advanced.  However,  it  is  important 
to  note  that  the  figures  of  this  variety  are  so  few,  yet  so  varied, 
that  we  are  warranted  in  suspecting  that  they  are  not  funda- 
menal  in  string  figure  history  but  more  Ukely  represent  one  or 
more  tangent  developments.  Distributional  evidence  ultimately 
may  provide  the  most  important  clues  to  this  problem. 

i»  Gordon,  p.  1)4. 
20  Jayne,  p.  96. 

»  For  example,  see  Figs.  17,  18,  26,  27,  40,  42. 
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The  question  of  coordination  is  important  in  its  influence  on 
the  style  of  final  pattern,  for  since  the  standard  openings  are 
characterized  by  a  complementary  arrangement  to  the  right  and 
left  of  the  middle  of  the  figure,  coordinated  movements  are  bound 
to  produce  a  symmetry  in  final  pattern.  On  the  other  hand, 
procedures  in  which  the  manipulations  by  the  hands  are  dis- 
similar may  lead  either  to  an  unbalanced  design  or,  if  one  set 
of  uncoordinated  movements  is  countered  by  another  which 
restores  the  original  relative  position  of  the  strings  involved, 
to  a  symmetrical  pattern. 

Four  types  of  symmetrical  pattern  can  be  recognized: 

Type  1:  With  right  and  left  halves  symmetrical  in  respect 

to  a  vertical  axis." 
Type  2 :  With  four  quarters  symmetrical  in  respect  to  both 

vertical  and  horizontal  axes.^' 
Type  3 :  With  ulnar  and  radial  halves  symmetrical  in  respect 

to  a  horizontal  axis.^* 
Type  4:  With  two  right  triangles  which  coincide  if  one  is 

turned  180°." 

Theoretically  avc  should  expect  to  find  Type  1  the  most 
common,  as  it  seems  to  be,  for  such  designs  are  the  natural 
results  of  ])rocedures  in  which  the  movements  of  the  hands  are 
coordinated. 

Figures  of  Type  2,  with  a  few  simple  exceptions,-'"  require 
a  more  complicated  construction  for,  in  addition  to  the  develop- 
ment of  a  lateral  balance  as  in  Type  1,  a  vertical  balance  must 
be  attained  by  countering  each  move  of  an  ulnar  string  by  a 
re\'ersed  move  of  the  complementary  radial  string. 

Type  3  is  not  represented  by  many  examples  and  of  the  few 
known  most  seem  to  be  either  figures  extended  on  what  originally 
were  the  diagonal  strings  or  those  constructed  almost  entirely 
by  manipulation  with  one  hand. 

Figures  of  Type  4  seem  to  be  quite  rare.  The  procedures  of 
some  are  fairly  simple,  of  others  quite  complex. 

22  For  example,  see  Figs.  8,  9,  13,  55,  57,  70,  73,  80,  81,  84,  85,  87,  88,  90,  92 
and  96.    Ree  also  footnote  26. 

-■^  Sco  Figs.  31,  33,  37-39,  ^6,  59,  60,  83,  91,  95,  97,    See  also  footnote  26. 
24  See  Figs.  17-19,  25-29,  42,  43,  64,  66. 
2s  See  Figs.  14  and  22. 

2«  There  are  several  patti'i  iis  which  hy  definition  should  be  classified  in  Typo  2 
but  which  l)ecause  of  their  simplicity  of  construction  are  more  like  Type  1.  See 
Figs.  44,  61-63,  69,  72,  86  and  89. 
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Figures  of  Action 

Although  most  string  figures  assume  a  fixed  character  upon 
completion,  there  are  a  few  in  which  action  is  illustrated.  There 
8Gem  to  he  at  least  two  varieties,  the  one  in  which  action  leads 
to  a  definite  termination  of  the  figure,  the  other  in  which  the 

i\ctic)ii  can  continue  indefinitely.  The  first  is  found  in  Australia 
iTi  Figs.  18  and  19,  tlio  second  in  Fig.  41.  "'  Action  figures  have 
V>i"en  noted  in  several  parts  of  the  world  but  all  seem  to  be  quite 
different  in  detail. 

Ij.\ck  of  Univeusal  UNiFOiiAiriY  IN  Procedures  and  Patterns 

In  spite  of  the  fact  that  virtually  all  string  figures  in  all 
regions  have  been  developed  from  a  universal  substratum  of 
three  constant  factors  it  is  indeed  remarkable  to  find  so  little 
similarity  in  the  several  hundreds  of  procedures  now  recorded.  - 
The  numerous  differences  in  patterns  developed  from  the  same 
opening  obviously  are  attributable  to  two  variable  factors,  (1) 
the  types  of  manipulation,  and  (2)  the  number  of  manipulations. 
The  number  of  manipulations,  as  already  noted,  can  be  limited 
by  the  size  of  the  loop,  but  since  most  recorded  figures  have  been 
developed  from  a  loop  of  standard  size,  this  consideration  is  of 
more  theoretical  than  practical  importance.  The  types  of  ma- 
nipulation have  not  yet  been  classified  but  generally  they  are 
concerned  primarily  with  the  diagonal  strings  which  ultimately 
become  transformed  into  a  central  figure  suspended  on  the  two 
original  parallel  strings. 

Unlike  most  culture  traits,  which  generally  sei-ve  a  number 
of  purposes,  the  three  constant  and  two  variable  factors  in  string 
figure  construction  apparently  have  no  other  importance  than 
as  constituent  elements  for  a  final  pattern.  Individually  they 
have  no  significance  when  removed  from  their  special  context 
or  if  taken  outside  the  area  of  string  fig^ure  construction.  Since 
most  string  figures  cannot  be  made  without  the  combination  of 
these  various  elements,  it  is  clear  that  they  comprise  a  complex 
which  must  travel  as  a  unit  whenever  string  figures  invade  a 
new  region.  On  the  other  hand,  it  also  is  apparent  that  these 
factors  can  exist  individually  and  diffuse  individually  within  the 

2T  Both,  PI.  3,  Fig.  5,  gives  an  example  of  the  first  in  "Man  Olimbing  a  Tree." 
Haddon,  K.,  1918,  p.  129,  describes  one  of  each  in  Making  Fire"  and  *'A  Cor- 
roboree." 
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distribiitinii  of  string  figfurcs.  Tims  a  new  opoiiiiiir,  an  iim<»va- 
tion  in  manipulation,  a  dextrous  or  simplitied  movement,  a  dif-  i 
ferent  method  of  extension,  and  the  like,  can  be  detached  from 
the  particular  context  in  which  they  originated  and  ditf  use  indi- 
vidually and  without  reference  to  other  traits  within  the  distribu- 
tion of  string  figures  in  general.  Presumably  the  spread  of  such 
an  element  often,  if  not  usually,  would  accompany  the  diffasion 
of  a  particular  procedure,  but  such  an  association  is  not  a  requi- 
site. For  instance,  the  convenient  Pindiki  movement  could 
easily  be  taken  over  and  successfully  applied  to  old  procedures. 
Similarly  the  diffusion  of  a  new  procedure  in  most  cases  would 
be  no  more  than  the  diffusion  of  a  different  way  of  combining 
traits  already  possessed  by  the  borrowing  group. 

When  our  collections  of  string  figures  become  more  numerous 
it  seems  not  unlikely  that  some  fairly  complex  examples  of 
identical  procedure  may  come  to  light  in  widely  separated  re- 
gions.   As  already  indicated  such  ai)pearances  should  l)e  not 
unexpected  in  view  of  the  })()ssibility  that  old  procedures  of  i 
common  origin  may  still  be  retained  in  various  I'egions,  as  well 
as  from  the  possibility  that  technical  considerations  favor  the 
chance  development  of  parallel  procedures  in  two  or  more  areas. 
However,  the  problem  of  determining  which  may  be  responsible 
in  any  given  instance  is  indeed  formidable  and  will  require  more 
carefully  selected  criteria  than  can  be  defined  at  the  present  time. 
At  the  moment  it  would  seem  that  the  only  reliable  indication  of 
historical  relationship  is  actual  or  inferable  contiguity  in  distri- 
bution in  a  region  characterized  by  similarity  in  secondary  traits. 

The  remarkable  diversity  in  string  figure  patterns  in  the 
world  today  is  impossible  to  explain  except  in  terms  of  a  long 
period  of  time.  As  new  figures  are  invented,  possibly  old  figures 
become  forgotten,  hence  in  the  course  of  centuries  or  millenia 
the  originally  similar  appearances  in  two  different  areas  may 
change  so  completely  that  the  more  obvious  factors  such  as  the 
procedures  and  patterns  no  longer  show  any  resemblances.  On 
the  other  hand,  the  more  obscure  technical  traits  may  still  reveal 
the  clues  to  tlie  l^asic  (pu'stion  of  derivations  and  it  is  in  them 
that  we  may  lind  our  most  valuable  evidence  for  such  problems. 

The  worldwide  distribution  of  string  figures  suggests  that 
their  origin  must  ))e  sought  in  considerable  antiquity.  Theoreti- 
cally no  maximum  antiquity  can  be  indicated,  for  since  the  only 
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tf>olmical  baekfi^roiiiul  for  string  figures  is  a  knowledge  of  siring, 
i  t  is  possible  that  they  were  made  in  Palaeolithic  times  from  raw- 
liide  string  or  babiche.    The  situation  in  Asia  is  interesting  for 
ssixice  the  several  non-contiguous  a])pearances  are  found  just 
beyond  the  boundaries  of  recorded  history  it  is  possible  that 
Home  mention  of  the  pastime  may  be  located  in  old  Chinese  rec- 
ords. For  the  New  World  and  Africa  it  seems  quite  probable 
tliat  several  thousands  of  years  must  be  allowed  for  the  diffusion 
from  some  Asiatic  point  of  origin  to  the  present  appearances. 
Oxi  the  other  hand,  the  situation  in  Oceania  does  not  necessarily 
presuppose  a  great  antiquity.   The  lack  of  string  figures  in 
Tasmania  and  in  coastal  Western  Australia  and  the  apparently 
ra.pid  diffusion  through  the  western  third  of  the  continent  within 
the  last  century,  suggest  that  they  could  have  been  introduced 
into  the  continent  only  a  few^  hundred  years  ago.    Thus  it  is 
possible,  but  by  no  means  demonstrated  nor  necessarily  prob- 
able, that  string  figures  came  into  the  Pacific  with  Polynesians 
or  Micronesians,  or  diffused  from  the  west  into  New  Guinea  and 
western  Melanesia  late  in  the  pre-Polynesian  period.  Distribu- 
tional evidence  ultimately  may  reveal  some  definite  suggestions 
on  this  question.    By  comparison  of  secondary  traits  it  may  be 
Xjossible  to  indicate  an  approximate  antiquity  for  string  figures 
in  Australia. 

NOMENCLATURE 

The  system  of  description  and  nomenclature  employed  herein 
follows  in  a  general  wav  that  used  bv  ^Irs.  Javne  with  modi- 
fications  taken  from  Roth  (1924).  This  terminology  is  less  tech- 
nical than  that  recommended  by  Rivers  and  Haddon  and  should 
be  less  confusing  to  the  lay  reader.  The  various  terms  with 
which  one  should  be  familiar  include  "Usual  position,"  the 
several  Openings,"  **Navaho,**  **Pindiki,"  ** Extension"  and 
**Normal  release."  In  all  descriptions  the  positions  of  the 
strings  are  given  from  the  point  of  view  of  the  manipulator  and 
not  from  that  of  the  spectator  who  usually  faces  the  former  and 
to  whom,  therefore,  the  strings  ai)pear  in  reverse  order. 

Usual  Position 

For  'Visual  position"  tlie  manipulator  holds  his  hands  in 
front  of  him  with  palms  facing,  fingers  outward.    Most  figures 


794 


DANIEL  SUTHERLAND  DAVIDSON 


commence  from  this  position  and  as  a  general  rnle  it  is  retunie<I 
to  after  the  completion  of  each  step  in  the  procedure. 

The  Strings 

In  the  descriptions  the  term  "string**  is  applied  to  a  single 
cord  wherever  it  may  be  found.   Thus  one  may  have  a  "string" 

on  the  near  (radial)  side  of  the  thnmb  or  a  finger  as  well  as  a 
"string"  on  the  far  (ulnar)  side  of  the  same  digit.  Sncli  striiiLC> 
are  spoken  of  as  the  near  tluimb  string,  the  near  index  finger 
string,  the  far  little  linger  string,  and  so  on.  Two  strings  nn 
tlio  same  digit,  if  they  are  the  continuation  of  one  another,  form 
a  loop  and  may  be  referred  to  as  the  thumb  loop,  middle  finger 
loop,  etc.  When  there  are  two  strings  or  two  loops  on  the  same 
digit,  that  which  is  nearer  the  tip  of  the  finger  is  called  the  u])]**  r 
(distal)  string  or  loop,  that  nearer  the  base  of  the  finger,  tlie 
lower  (proximal)  string  or  loo]).  A  string  across  the  palm  is 
spoken  of  as  a  palmar  string,  that  on  the  back  of  the  hand,  a 
wrist  or  dorsal  string  or  loop. 

Openings 

The  ''openings"  or  initial  arrangements  of  the  strings  used 
bv  Ihe  Australians  are  the  same  as  those  usnallv  found  else- 
where  in  the  world.  These  include  ''First  position,"  "Opening" 
A,"  "Opening  IV  and  "()])euing  C."  lu  addition,  in  restricted 
areas  odd  openings  may  be  present. 

FuisT  Position 

The  "first  position**  is  the  most  common  of  all  openings 
throughout  the  world,  for  it  not  only  is  the  arrangement  from 
which  many  figures  are  developed  directly  but  it  also  is  basic 
to  Opening  A. 

1.  Left  hand.  Hold  palm  downward,  fingers  outward.  Pick- 
up the  string  un  the  back  of  the  thumb  so  that  a  long  loop  hangs 
below. 

2.  B'lpht  hand.  Hold  pahn  downward,  fingers  outward, 
^love  the  hand  away  from  you  and  insert  thumb  under  the  string 
which  lies  across  left  tliuml). 

3.  Both  hands.  Move  hands  ajjart  until  the  strings  are  taut. 
You  now  have  a  loop  on  each  thumb.    Insert  little  finger  from 
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»low  into  thumb  loop,  pick  up  on  its  back  the  far  thumb  string 
id  return  to  position  (Fig.  2). 


Fig.  2.   First  Position. 


Opening  A 

Opeiiing  A  also  is  extremely  common  in  all  parts  of  the  world. 
The  steps  in  its  construction  are  reminiscent  of  Cat's  Cradle  but 
the  initial  arrangement  of  the  strings  is  not  the  same. 

1.  Both  hands.    First  position. 

2.  Right  hand.  With  back  of  index  finger  pick  up  from  be- 
low the  left  palmar  string  and  return  to  position. 

3.  Left  hand.  With  back  of  index  finger  pick  up  from  be- 
low the  right  pahnar  string  between  the  strings  of  the  right 
index  finger  loop.   Draw  out  and  return  to  position  (Fig.  3). 


Fio.  3.   Opening  A. 


Opening  B 

Another  common  Opening  found  among  most  peoples  who 
construct  string  figures  is  here  called  Opening  B.  It  is  also 
known  as  the  **Top  Opening." 
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1.  Both  hands.  Hold  string  between  tips  of  thumb  and  ind^i 
finger  with  pakns  downward  and  hands  about  ten  inches  apvt 
A  long  loop  will  hang  below. 

2.  Right  hand.  Move  hand  forward  thence  to  left  and  bvi 
until  tips  of  thumbs  meet.  Pick  up  between  the  tips  of  rigk 
thumb  and  index  finger  the  string  held  by  left  thumb  and  indvx 
finger.  You  now  have  a  small  loop  held  by  right  thumb  aai 
index  finger. 

3.  Left  hand.  Pass  index  finger  over  the  strings  held  b> 
right  thumb  and  index  finger,  insert  from  the  far  side  into  ih- 
small  loop  and  bring  tip  against  tip  of  left  thumb. 

4.  Right  hand.  Roll  tips  of  thumb  and  index  fiiiijcer  iuj:.'' 
nails  meet  to  permit  the  strings  to  be  encircled  as  on  the  ki: 
hand. 

5.  Both  hands.  Draw  hands  apart  keeping  what  was  tlw 
small  loop  on  index  fingers  and  what  was  the  long  loop  on  the 
thumbs.  Separate  thumb  and  index  finger,  move  thumb  upwani 
and  turn  hands  palms  facing  (Fig.  4). 


FiQ.  4.    Opening  B. 


Opening  C 

This  opening,  although  not  as  common  as  Opening  A  or  B, 
is  also  widely  distributed  in  the  world.  It  is  known  as  * 'Little 
Fishes"  Opening. 

1.  Both  hands.  Pick  uj)  string  between  tips  of  thumb,  in- 
dex and  middle  fingers,  hands  about  ten  inches  apart.  Make  a 
loop  in  the  string  by  bringing  the  hands  together,  the  right  hami 
a  little  forward  of  the  left.  Insert  the  index  finger  into  thi> 
small  l()0]j  from  the  far  side  until  string  is  at  base  of  fins'^r. 
Press  middle  finger  against  index  finger  to  prohibit  string  trom 
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sliding  lip  firigor.    Close  ring  and  little  lingers  loosely  over 
pendant  string.    I\each  index  liiigei"  toward  you  into  long  hang- 
ing loop  and  seize  between  tips  of  thumb  and  index  linger  tlie 
string  wiiich  runs  across  hand  to  the  far  side  of  the  little  finger. 
iBxtend  the  hands,  slowly  playing  out  this  string  between  the 
thumb  and  index  finger  and  keeping  the  first  loop  picked  up  well 
at  tlie  base  of  the  index  finger.    When  the  hands  are  fully  ex- 
tended keep  the  strings  taut,  remove  all  fingers  except  index 
finger  from  strings,  rotate  index  finger  inward  and  upward  by 
lowering  elbows  and  extend  (Fig.  5). 


Pia.  5.    Opening  C. 


Elbow  Opening 

This  unusual  opening  has  been  noted  only  in  western  North 
Australia  and  Palau  in  Oceania. 

1.  Right  hand.  Hold  string  loosely  on  hand,  palm  upward, 
fingers  to  left,  so  that  a  long  loop  hangs  below.  Pass  loop  over 
left  hand  and  forearm  and  suspend  above  left  elbow  (or  var- 
iantly,  on  the  shoulder).  Withdraw  right  hand.  (See  Figs. 
99-101.) 

PiNDIKI 

In  the  construction  on  many  Oceanic  and  Australian  figures 
there  is  a  distinctive  movement  called  "Pindiki"  as  already  men- 
tioned. It  also  is  known  as  '^Caroline  Islands  Extension"  but, 
since  it  is  employed  as  a  step  in  manipulation  as  well  as  an 
extension,  the  fonner  term  seems  more  satisfactory. 

The  most  simple  arrangement  of  the  sti  ings  for  Pindiki  con- 
sists of  two  near  thumb  strings,  one  far  thumb  string,  a  palmar 
string  and  a  far  little  finger  string  on  each  hand  (see  Number 
XLII,  Movements  1  and  2,  and  Fig.  6).  Additional  strings  may 
be  present  but  the  ones  enumerated  serve  as  the  pattern  for  the 
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iiiaiiipulation.  The  movement  is  simple  and  is  performed  as 
follows : 

lioth  hands.  Hold  hands  in  usual  position.  Bend  index 
linger  down  over  palmar  string,  straighten  it  toward  you,  and 


Fig.  6.    A  Step  in  Executing  the  Pindiki  Movement. 


Fig.  7.    A  Step  in  Executing  tlie  Pindiki  Movement. 


FlQ.  8.    The  Pindiki  Extension. 
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]>ic-k:  up  from  l)olow  on  its  ])a('k  tlie  iiir  tluiinl)  string  (Fig.  7). 
ilolcl  this  string  secnro  against  tlie  base  of  the  index  finger  by 
pressure  from  the  thnmb  and  extend  the  index  finger  to  permit 
t  lie  string  on  its  back  to  slip  on  to  the  back  f>f  the  first  knuckle. 
'X'xim  the  hands  palms  outward  and  extend  by  working  the 

strings  between  the  ball  of  the  thumb  and  the  base  of  the  index 

finder  (Fig.  8). 

Navaho 

The  term  "Navaho"  is  now  well  established  in  string  figure 
literature  in  reference  to  a  movement  first  recognized  as  a  dis- 
tinctive step  among  the  Navaho  Indians,  but  since  found  to  be 
extremely  common  in  most  areas  where  string  figures  are  made. 
rClie  principle  is  simple  and  involves  the  lifting  of  a  lower  string 
over  an  upper  string  on  the  same  digit  and  dropping  it  on  the 
otlier  side  of  the  finger.   Since  this  manipulation  is  performed 
\yy  everyone  in  a  given  society  its  character  is  social.  However, 
tlie  manner  of  its  performance  varies  considerably  in  terms  of 
individual  skill  and  dexterity.   In  some  cases  the  manipulator 
employs  his  teeth  or  lips  to  lift  u\)  the  lower  string,  in  others  this 
string  is  grasped  between  the  tips  of  the  thumb  and  index  finger 
of  the  opposite  liand  while  tlie  other  fingers  are  closed  against 
the  palm  to  secure  the  strings  on  that  hand.    The  more  able 
manipulators  raise  and  lower  the  elbows  and  rotate  the  digit 
involved  to  cause  the  lower  string  to  slip  over  the  upper  string. 

Release 

The  term  *' release"  is  applied  to  any  movement  by  which 
a  figure  can  be  converted  directly  to  the  original  loop  without 
causing  snarls  in  the  strings.  In  a  large  proportion  of  string 
figures  this  result  is  accomplished  by  laying  the  figure  carefully 
on  the  lap  free  of  the  fingers  and  drawing  out  at  top  and  bottom 
the  two  main  transverse  strings  at  their  middle  points.  In  such 
cases  the  release  is  spoken  of  as    normal  release.'* 

STRING  FIGURES  FORMED  FROM  FIRST  POSITION 

I.  Two  Doos 

Wardamax. 

1.  Both  hands.  Use  doubled  string  or  short  loop.  First 
position. 
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2.  Both  hands.  Drop  thumb  strings.  Pass  tliiimb  fri 
above  l)ct\voon  little  finger  strings  and  pick  up  from  belov  'i 
far  littk'  finger  string. 

3.  Both  hands.  Hold  hands  with  strings  slack.  Bend  than 
over  palmar  string  and  pick  up  from  below  the  near  little  fmg^: 
string  close  to  base  of  little  finger.  Draw  out  over  palmar  stiiK 
and  by  turning  the  palm  downward  and  elevating  the  elbov  £- ; 
low  the  lower  thumb  loop  to  slip  over  the  upper  thumb  lo«.*: 
that  is,  Xavaho  the  thumb  loops.  Turn  hands  palms  facing  ai-i 
extend  (Fig.  9). 


Wabdaman,  Ngainman. 

1.  Both  hands.  Use  doubled  string  or  short  loop.  Fiis 
position. 

2.  Biglit  hand.  ]*ick  up  from  below  with  back  of  index  finger 
the  left  palmar  string  and  dr^w  out.  With  the  back  of  tliuffli* 
pick  up  from  below  the  near  right  index  finger  string. 

3.  Left  hmd.  Pick  up  from  below  with  back  of  thumb  tbf 
left  near  little  finger  string.  Bend  index  finger  down  over  left 
palmar  string  and  pick  up  from  below  the  left  lower  far  thnm^' 
string. 

4.  Both  hands.   Navaho  thumb  strings  and  drop  strings  heW 

by  little  finger.    Turn  hands  palms  downward. 

5.  Ijcft  hand.  Turn  downward  and  inward  until  palm  i> 
facing  inward  with  fingers  pointing  to  right. 

f).  Rifiht  hand.  Pass  right  hand  upward  to  left  by  xm^l 
elbow  until  directly  over  left  hand  (Fig.  10). 


FiQ.  9.    Two  Dogs. 


Belease  normal 


II.  A  Water  Hole 


uopynghicd  mate 


ABORIGINAL  AUSTRALIAN  STRING  FIGURES  801 


Fio.  10.   A  Water  Hole. 


111.  Two  Wateii  Holes 

Wardaman,  Noainman. 

This  figure  is  identical  in  procedure  with  Queensland 
"Snake,"  Yap  ** Flint  and  Steel and,  except  for  minor  varia- 
tions, Fiji  **Uto8uvi.*^  Comparison  also  should  be  made  with 
Queensland  "Deaf  Adder,"  procedure  not  given,  and  a  figure 
from  Torres  Strait  (See  Chart  at  end).  In  North  Australia  as 
ill  Yap  a  doubled  string  is  employed. 

1.  Both  hands.  Use  doubled  string  or  short  loop.  First 
position. 

2.  Bight  hand.  Pick  up  from  above  with  index  finger  the 
left  palmar  string.  Kotate  the  index  finger  toward  you  to  give 
a  half  twist  to  the  index  finger  loop.  Extend. 
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3.  Right  hand.  Pick  up  from  below  on  back  of  thumb  the 
near  index  finger  string. 

4.  Left  hand.  Pick  up  from  below  with  thumb  the  near  little 
finger  string.  Bend  index  finger  over  left  palmar  string  and. 
pick  up  from  below  the  far  thumb  string.   Return  to  positioii. 

5.  Both  hands.  Navaho  thumb  striugs.  Drop  little  finger 
strings  and  turn  hands  palms  downward. 

6.  Left  hand.  Eotate  downward  then  upward  to  the  right 
until  palm  is  facing  upward  and  back  of  left  wrist  touches  back 
of  right  wrist. 

7.  RkjIiI  lunid.  In  conjunction  with  Movement  6  move  right 
hand  to  the  left  and  turn  palm  upward  (Fig.  11). 


Fig.  11.   Two  Water  Holes. 

IV.  A  Dead  Man  in  a  Tree 

Wagoman. 

A  long  string  is  required  for  this  figure. 

1.  Left  liaud.  Hold  loop  as  in  first  i^osition  wdth  hand  in 
front  of  shoulder. 

2.  Right  hand.  With  thumb  and  index  linger  pick  up  near 
left  thumb  string  and  draw  under  chin,  then  ui)ward  over  io\) 
of  head,  downward  under  chin  again.  Repeat  this  encircling 
movement  until  only  a  short  length  of  string  remains.  Pick 
up  this  remaining  portion  from  below  as  in  First  position 
(Fig.  12). 

3.  Both  hands.  Hold  hands  as  in  First  position  and  pick 
up  with  teeth  the  far  little  finger  string.   Hold  strings  securely 
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Fig.  12.    A  Step  in  "Dead  Man  in  a  Tree." 


and  reach  each  hand  to  the  back  of  the  ear  and  pull  down  the 
strings  wrapped  around  the  head  so  that  they  fall  over  the 
strings  held  in  the  mouth  and  between  the  hands.  Drop  thumb 
loop.  Bend  thumb  back  and  pick  up  from  below  the  loop  held 
in  the  mouth.   Release  teeth  and  extend  (Fig.  13). 


Fig.  13.    Dead  Man  in  a  Tree. 


V.  Phallus 

Wabdaman. 

1.  Both  hands.    First  position. 

2.  Both  hands.  Drop  thumb  strin^^s.  lioacli  tliunih  und(;r 
the  little  finger  strings  and  return  witli  both  on  back  of  thumb. 

3.  Bight  hand.  With  index  finger  pick  up  from  below  the 
two  left  palmar  strings  and  draw  out. 

4.  Left  hand.  With  index  finger  pick  up  from  below  the  two 
right  palmar  strings  and  extend. 
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5.  Both  hands.  Drop  thumb  strings  and  rotate  index  finger 
outward  several  times  to  twist  index  finger  strings. 

6.  Right  hand.  Pass  hand  downward  with  pahn  toward 
body.   Extend  fingers. 

7.  Left  hand.  Pass  hand  inward  and  upward  with  pahn  fac- 
ing outward  and  extend  fingers  (Fig.  14). 


Fia.  14.  PUaUus. 


VI.  DiLLY  Bag 

Wardaman,  Noainman. 

Compare  final  pattern  with  Queensland  "Dilly  Raji:"  and 
Arnhem  Land  "  Mntchiehi,"  the  procedures  of  wliich  are  iwt 
given.    In  Arnhem  Land  a  doubled  loop  is  employed. 

L  Botli  hands.    First  position. 

2.  Rifjlif  hand.  Place  loop  over  head  and  withdraw  haml- 
Bend  index  tinger  over  left  palmar  string.  Draw  out  and  place 
in  mouth.    Withdraw  index  finger  (Fig.  15). 

3.  Lcff  Jidud.  Bend  thumb  over  far  thumb  string  and  pick 
up  from  below  on  its  back  the  near  little  finger  string.  Extend 
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FiO.  15.   A  Step  in  ''DUIy  Bag.'' 


left  hand.  Proceed  with  left  index  finger  as  in  Pindiki  and  turn 
the  left  hand  palm  downward  (Fig.  16). 

4.  Right  hand.  With  the  thumb  and  index  finger  pick  up 
at  their  intersection  the  two  strings  which  pass  over  the  back 
of  the  left  thumb. 

5.  Left  hand.  Witlidraw  hand  from  all  strings.  There  are 
now  two  l()()i)s  held  by  the  right  thumb  and  index  finger.  Hold 
left  hand  with  fingers  upward  and  insert  the  left  thumb  into  the 
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near  loop  (left  loop)  and  the  little  finger  into  the  far  loop  (right 
loop). 

6.  Kepeat  Movements  3,  4  and  5. 

7.  Kepeat  again  Atovements  3,  4  and  5. 

8.  Left  hand.  Repeat  Movement  3.  Drop  string  Irom  teeth 
(Fig.  17). 


Fig.  17.    Dilly  Bag. 

VII.  Baby  Being  Born 

Wardaman. 

1.  Both  hands.    First  position. 

2.  Right  hand.  With  index  finger  pick  up  from  below  the 
left  palmar  string  and  extend. 

3.  Left  hand.  Bend  thumb  over  far  thumb  string  and  pick 
np  from  below  on  its  back  the  near  little  finger  string.  Extend 
left  hand.  Proceed  with  left  index  finger  as  in  Pindiki  and  turn 
the  left  hand  palm  downward  (see  left  hand  in  Fig.  16). 

4.  Right  hand.  Bend  middle,  ring  and  little  fingers  down- 
ward over  index  finger  strings  and  press  against  palm.  With 
the  thumb  and  index  finger  pick  up  at  their  intersection  the  two 
strings  which  i)ass  over  the  back  of  the  left  thumb. 

5.  Left  hand.  Withdraw  hand  from  all  strings.  There  are 
now  two  loops  held  by  right  thumb  and  index  finger.  Hold  left 
hand  fingers  npward  and  insert  thumb  into  the  near  loop  (left 
loop)  and  little  finger  into  the  far  loop  (right  loop). 
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G.  Kepoat  Movements  3,  4  and  5. 

7.  I^cpcat  a£j:aiii  Movements  3,  4  and  5. 

8.  Left  hand.  Repeat  Movement  3.  Move  hand  downward 
'  waist  level. 

9.  Right  hand.  Move  hand  palm  downward  to  a  vertical 
osition  over  left  hand.  Hold  all  strings  taut  and  drop  index 
ager  loop  (Fig.  18).  Shake  the  hand  gently  until  the  diagonal 
brings  settle  on  the  left  hand  (Fig.  19). 


Fio.  18.   A  Step  in  "Baby  Being  Born." 

VIII.  Big  Biver  Bat 

Wabdaman. 

1.  Both  hands.   First  position.   Drop  thumb  loop. 

2.  Left  hand.  Move  hand  forward  and  to  right  around 
stiini's  on  riglit  hand,  lliOTice  back  toward  body  under  strings 
of  right  hand  so  that  latter  fall  across  k'ft  forearm. 

3.  Bight  Jiand.  ^love  hand  outward  over  left  forearm  then 
downward  and  inward  through  the  loose  loop  hanging  between 
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Fig.  19.   Baby  Being  Born. 


left  little  fhio;er  and  left  forearm  to  catch  this  loop  on  the  back  i 
of  the  right  forearm. 

4.  Both  hands.  Return  to  position  hy  permitting  arm  string  j 
to  slide  to  wrist  (Fig.  20).  j 

5.  Both  hands.  Bend  thumb  toward  you  over  near  wiisi 
strings  by  raising  elbow  and  turning  palm  downward.  Pass 
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tUnnib  outward  and  pick  up  from  above  on  its  back  the  far  wrist 
striii«i:^3i.  Draw  these  under  near  wrist  strings.  Betum  to  posi- 
tion by  lowering  elbows. 

6-  Bight  hand.   With  thumb  and  index  finger  pick  up  strings 
on  l>a.ck  of  left  wrist,  lift  over  left  hand  and  drop  on  palmar  side. 
T.  Left  hand.   Repeat  Movement  6  with  left  hand. 
8.  Right  hand.   Turn  hand  downward,  palm  outward,  by 
raising  elbow. 

9-  Left  hand.   Turn  hand  downward,  palm  inward,  by  rais- 
ing elbow. 

10.  Both  hands.   Draw  strings  taut  by  extending  hands  (Fig. 
21). 


Fio.  21.   Big  Biver  Bat. 


Release 

11.  Both  hands.  Drop  thumb  strings,  separate  hands  and 
the  bat  flies  away. 

IX.  BlaCKFELL/OW 

Melville  Island,  East  op  Darwin,  Noainman  ** Penis." 

This  figure  is  identical  in  manipulation  with  Yap  ''One 
Cliiof,''  D'Pjiitreeastoaux  "A  Hiss,"  New  Caledonia  **Looper 
CaterpiHar"  and,  except  foi-  very  minor  variations,  Fiji  '*Ba- 
nuve."  Comparisons  should  be  made  with  Queensland  ''Giant 
Crane"  and  "Flying  Fox,"  Anihem  Land  "Little  Bird"  and 
figures  from  Palau  and  Nauru,  the  procedures  of  which  are 
lacking. 

1.  Both  hands.    First  position. 

2.  Right  hand.  With  tluim))  and  index  finger  pick  up  left 
far  little  finger  string,  bring  toward  you  and  wind  once  around 
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left  little  finger.  Return  to  position.  Insert  right  index  finger 
from  above  into  the  little  linger  loop  juM  formed.  Turn  \h- 
hand  palm  downward  and  outward  so  that  picked  up  string  be- 
comes a  loop  on  the  right  index  finger.  Extend. 

3.  Left  hand.  Pick  up  from  below  on  hack  of  index  finger 
the  right  palmar  string  between  the  index  finger  strings.  Ex- 
tend. 

4.  Right  hand.  Eepeat  Movement  3  with  right  hand.  Turn 
hand  palm  downward,  fingers  to  left. 

5.  Left  hand.  Drop  all  strings.  Insert  thumb  from  left  into 
upper  (left)  loop  on  right  index  finger  and  remove.  Insert  Iit> 
tie  finger  into  remaining  loop  on  right  index  finger  and  remove. 

6.  Both  hands.  Hold  fingers  tightly  together,  turn  hands 
fingers  downward  imtil  central  figure  rests  on  knee.  Drop 
thumb  strings.  Pass  thumb  downward  into  little  finger  loop, 
raise  elbows  slightly  and,  moving  thumb  outward,  pick  up  on 
its  ball  the  near  little  finger  string  (the  farther  string  on  your 
knee)  and  the  nearer  string  of  the  far  loop,  the  former  far  thumb 
string.    Return  to  position. 

(6A.  Both  huNiL^.  Variant  manipulation:  Insert  index  fin- 
ger from  below  into  thumb  loop  and  withdraw  thumb.  Pass 
thumb  under  index  linger  strings  and  pick  up  from  ])elow  the 
near  little  finger  string.  Keei)  thumb  on  far  side  of  index  finger. 
Bend  index  linger  down  over  far  index  finger  string  and  place 
tip  against  tip  of  thumb.  .  Turn  hand  do^vnward  and  permit  in- 
dex finger  loop  to  slip  on  to  thumb.   Return  to  position.) 

7.  Both  hands.  Pindiki  and  draw  out,  working  strings  until 
figure  is  obtained  (Fig.  22). 


FiO.  22.  Blackfellow. 
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X.  Lily 

"Wat^daman,  Ngainman. 

In  the  Diamantina  District,  South  Australia,  the  pattern  is 
known  as  Yam." 

1.  Both  Jiaufls.    First  position. 

2.  Right  hand.  Drop  strings.  Pick  up  from  above  with  ball 
of  index  finger  the  left  palmar  string.   Draw  out  and  drop. 

3.  Right  hand.  Pick  up  from  above  with  ball  of  index  finger 
the  left  palmar  string  and  draw  out  between  strings  of  loop 
dropped. 

4.  Left  hand.  With  thumb  and  index  finger  pick  up  right  in- 
dex finger  loop  and  place  over  right  wrist.  Extend. 

5.  Right  hand.  Pass  hand  outward  over  far  right  wrist 
string,  then  leftward  and  downward,  then  inward  under  the  far 
right  wrist  striii":,  and  upward  until  fino;ors  toueli  left  palm. 
!Move  fiugors  upward  aloui;-  ])alm  under  left  palmar  string.  In- 
sert little  finger  into  left  little  finger  loop  and  index  finger  into 
loft  thumb  loop.  Bend  these  fingers  downward  along  sides  of 
left  hand  to  pick  up  from  above  the  far  left  little  finger  string 
and  the  near  left  thumb  string  respectively.  Draw  out  betw^een 
the  strings  of  the  right  Avrist,  elevate  elbo\v  to  allow  the  right 
wrist  loop  to  slip  over  the  hand  on  to  the  strings  drawn  out. 
Extend  (Fig.  23). 


FlQ.  23.    A  Step  in  "Lily." 
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G.  Bight  liaiifL  Hold  strings  taut  and  pass  liaiid  over  loft 
hand  so  tliat  tlio  string  running  from  the  near  side  <»t'  tlio  left 
thumb  passes  between  the  left  thumb  and  index  finger,  the  string 
running  from  the  far  side  of  the  left  little  finger  passes  between 
the  left  little  finger  and  ring  finger,  and  the  two  crossed  strings 
pass  respectively  between  the  left  index  aud  middle  fingers  and 
between  the  left  middle  and  ring  fingers.  Drop  strings  from 
right  hand  over  back  of  left  hand  (Fig.  24). 


7.  Right  hand.  With  thumb  and  index  finger  pick  up  loose 
palmar  string  of  left  hand  and  draw  out  (Fig.  25).  Drop  this 
string.   With  thumb  and  index  finger  pick  up  the  intersection  of 

all  strings. 


Fro.  24.   A  Step  in  ''Lily. 


FiO.  25.    A  Step  in  "Lily. 
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8.  Left  hand.   Withdraw  hand  from  all  strings  (Fig.  26). 


Fio.  26.  Lily. 


XI.  Headdress 

NgAI.I  MA. 

This  figure  is  similar  to  Lily  (X)  but  there  are  some  interest- 
ing* variations. 

1.  Both  hands.   First  position. 

2.  Right  hand.  Drop  strings.  With  thumb  and  index  finger 
pick  up  left  thumb  loop,  lift  off  thumb  and  place  on  left  index 
finger.  With  ball  of  index  finger  pick  up  from  above  the  left 
palmar  string.   Draw  out  and  drop. 


Fio.  27.  Headdress. 
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3.  li'ujlii  luutd.  AVitli  ball  of  index  tiiiger  pick  up  f  rom  aU^ 
the  left  palmar  string  and  draw  out  between  string-s  of  1- 
just  dropped.  Insert  from  above  the  right  thumli,  middle,  liii 
and  little  fingers  into  loop  held  by  ball  of  right  index  finger  v*. 
move  hand  to  the  left  until  tips  of  fingers  touch  left  palm.  I: 
sert  little  finger  under  left  far  little  finger  string  and  index  fme' 
under  near  left  index  finger  string.  Bend  these  fingers  dovi- 
ward  along  sides  of  left  hand  to  pick  up  the  strings  indi»tf>d 
and  draw  out  through  long*  loop. 

4.  Riffht  liancl.    Hold  strings  taut  and  pass  hand  ovpr  I^" 
hand  so  that  the  near  left  index  finger  string  passes  betwtxi.  i_ 
left  index  and  middle  lingers,  the  far  left  little  finger  stnrr: 
passes  between  the  left  little  and  ring  fingers  and  the  other  u . 
strings  pass  between  the  left  middle  and  ring  fingers. 

5.  RigJit  hand.  Drop  strings  of  right  hand  over  back  of  kft 
hand.  With  thumb  and  index  finger  pick  up  the  loose  pafamr 
string  of  left  hand  and  draw  out  (Fig.  27). 

XII.  Hut 

Kellerbekhin,  Southern  Cross,  Ngaluma,  Nangi^marda,  Ta: 
GUDi,  Injibandi,  Panjima,  Talainji,  Baiong,  Inoabdi 
Penis, KiDjA,  Djaru  **Yam.'* 

1.  Both  hands.    First  position. 

2.  Right  hand.  Pick  up  from  below  with  index  finger  tht 
left  palmar  string  and  draw  out  dropping  right  thumb  and  littk 
finger  strings.  Drop  index  finger  loop  and  allow  it  to  hang 
downward.  Pick  up  with  index  finger  from  below  the  left 
palmar  string  between  the  strings  of  the  loop  just  dropped 
Draw  out  and  drop. 

3.  Left  hand.  Hold  hand  palm  downward  with  fingers  to- 
ward the  right. 

4.  Right  hand.  Pass  right  hand  into  the  long  loop  from  tlif 
right.  Turn  fingers  upward  and  with  the  index  finger  pick  nf 
from  below  the  near  left  thumb  string.  In  a  similar  maimer 
pick  up  from  below  the  far  left  little  finger  string  with  the  right 
little  finger.  Draw  these  two  strings  out  through  the  long 
pendant  loop. 

5.  Left  hand.    Turn  hand  so  that  fingers  point  upward. 

Hold  strings  taut  and  bend  the  index,  middle  and  ring  fingvr> 
downward  so  that  index  linger  passes  into  loop  held  by  rigb: 
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lex  finger;  the  ring  fiii«»:er  into  loop  held  by  rig:ht  little  finger; 
?  middle  finger  between  tliese  two  loops. 

6.  Right  hand.  Pass  right  hand  over  left  hand  and  drop  all 
:ht  hand  strings  over  the  back  of  the  left  hand. 

7.  Left  hand.    Open  hand  and  point  fingers  upward. 

8.  Right  hand.  With  thumb  and  index  finger  pick  up  loose 
ing  on  left  hand  which  passes  over  the  other  strings  and  draw 
t.  Move  hand  over  left  hand  and  turn  the  palm  of  the  latter 
ward  (Fig.  28). 


Fig.  28.  Hut. 


XIII.  Emu  Foot 

lUAIRADING,  GnOWANGERUP. 

This  figure  is  similar  to  Central  Australian  ^^Babbit-Bandi* 
oot"  and  "Two  Dogs,"  the  procedures  of  which  are  not  given. 

1.  Both  hands.   First  position. 

2.  Right  hcmd.  Pick  up  from  below  with  the  index  finger  the 
qU  pahnar  string,  draw  out  slightly  and  rotate  the  finger  one 
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complete  turn  to  the  right,  thus  twisting  the  right  index  strings. 
Extend. 

3.  Left  hand.   Pick  up  from  below  on  the  back  of  the  index 

finger  the  right  palmar  string  and  draw  out  between  the  strings 

of  the  right  index  loop. 

4.  Right  hand.  Drop  thumb  and  little  linger  strings  and  ex- 
tend (Fig.  29). 


Fig.  29.   Emu  Foot. 


XIV.  Emu 

Southern  Cuoss,  Laveuton. 

This  figure  is  one  of  the  most  widely  distributed  in  the  world 
but  the  procedure  differs  greatly  in  most  regions. 
Two  persons  are  required  for  this  figure. 

1.  Both  hands.   First  Position.   Drop  little  finger  strings. 

2.  Right  hand.  Give  thumb  loop  to  second  person  to  hold, 
strings  taut  across  body.  Place  hand  over  strings  about  a  foot 
from  loop  held  by  second  person  and  hook  little  finger  downward 
around  near  string.  Bend  index  finger  downward  and  hook  far 
string,  then  draw  it  back  over  string  held  by  little  finger  by  turn- 
ing elbow  outward.    Pass  index  finger  downward  and  straighten 
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thus  eateluiig  on  back  the  little  fing:eT  strino^.  Rotate  hand  to 
riu'lit  and  loosen  strings  slightly  by  moving  hands  toward  each 
otlier,  until  it  is  possible  to  insert  index  finger  from  above  into 
loop  now  fouud  on  little  finger.  Continue  rotating  movement  of 
index  finger  and  catch  on  it  as  you  return  the  far  string  of  the 
looi>  held  by  second  person.  Draw  this  string  toward  you  as 
second  person  drops  loop  and  extend. 

3.  Left  hand.    Proceed  as  in  Movement  2,  but  reverse  direc- 
tion of  rotation  (Fig.  30). 


Fig.  30.  Emu. 


Release  normal 

STRING  FIGURES  FORMED  FROM  OPENING  A 
XV.  Two  Kangaroos 

"W^ARDAMAN,  XgAINMAN. 

This  figure  is  practically  identical  in  procedure  with  Yap 
**No  Name,*'  Gilbert  Islands  **Kani  Mumum*'  and,  except  for 
the  intermediate  steps  to  form  **Te  Tuma  0  Te  Papa,"  with 
Society  Islands  **Vahia.*'  The  finished  figure  is  comparable 
with  one  of  the  Marind-anim  (New  Guinea)  figures. 

1.  Both  hands.  Opening  A.  Pass  little,  ring  and  middle 
fingers  and  thumb  from  below  into  index  finger  loop  which  thus 
becomes  a  wrist  loop. 

2.  Both  hands.  Insert  index  finger  from  above  into  little  fin- 
ger loop,  bend  it  toward  you  and  insert  from  above  into  thumb 
loop.  Pick  up  with  back  of  index  fiiigei-  the  far  thumb  string 
and  draw  it  up  through  the  little  finger  loop.  Extend. 

3.  Both  hands.  Drop  thuml)  loo]).  Insert  thumb  from  be- 
low into  index  finger  loop  and  withdraw  index  finger. 

4.  Rigid  hand.  Hold  strings  sccui-e,  reach  over  back  of  left 
baud  and  with  thumb  and  index  tinner  pick  u])  left  wrist  string, 
lift  off  left  hand  and  place  on  left  thumb  and  index  finger  as  in 
First  position. 
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5.  Left  hand.    Kepeat  Movement  4  with  left  hand. 

6.  Both  hands.    Kepeat  Movement  2. 

7.  Both  hands.  Hold  strings  slack  and  drop  little  finger 
loops.  Extend.  Reach  little  finger  forward  and  pick  up  from 
below  with  its  back  the  near  index  finger  string.  Betum  to 
position  and  drop  index  finger  strings. 

8.  Both  hands.  There  are  now  two  loops  on  the  thumb 
and  one  on  the  little  finger.  On  each  palmar  string  is  a  loop  one 
string  of  which  runs  directly  across  figure  to  other  palmar 
string.  Bend  the  index  finger  down  over  palmar  string  and 
with  its  ball  pick  up  from  the  far  side  this  horizontal  string. 
Betnrn  to  position  by  rotating  the  hands  toward  you  and  lower- 
ing slightly  the  elbows,  thus  placing  a  loop  on  the  back  of  first 
joint  of  the  index  finger. 

9.  Both  hands.  Drop  thumb  loops.  Turn  palms  downward 
and  draw  out  working  strings  slowly  until  figure  is  obtained 
(Fig.  31). 


FiQ.  31.   Two  Kangaroos. 


Release  normal 

XVI.    Two  TlTRTLES  ON  A  LoO 

Maraura. 

Prucednre  is  identical  Avith  South  Australia  **Two  Swans." 

1.  BofJi  liauds.    Opening  A. 

2.  Both  ]ia)ids.  Bend  thumb  over  index  tinger  strings  and 
pick  up  from  below  with  its  back  the  near  little  finger  string. 
Extend. 

3.  Both  Itaitd.'i.  Bend  index  linger  down  over  palmar  string 
and  insert  between  strings  of  its  own  loop.   Press  tip  of  finger 
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aga,iiist  palm  of  hand  and  release  the  little  finger  looj)  and  at 
the  same  time  draw  strings  taut  and  turn  hands  palms  outward. 
Straighten  index  finger  and  return  to  position. 

4-.  Both  hands.  Insert  middle,  ring  and  little  fingers  from 
below  into  thumb  loops.  Straighten  the  middle  finger  slightly 
to  lift  up  on  its  back  the  far  lower  thumb  string.  Bend  the  ring 
and  little  fingers  down  over  the  near  upper  thumb  string  and 
pick:  up  from  below  with  the  back  of  the  little  finger  the  near 
lower  thumb  string.  Return  to  position  by  straightening  the 
little  finger  to  draw  out  the  string  picked  up  and  by  withdrawing 
tlie  middle  and  ring  fingers. 

5.  Both  hands.  Drop  thumb  strings  and  turn  hands  fingers 
outward,  pahns  facing.  Pass  thumb  from  below  into  little 
finger  loop.  Bend  index  finger  downward,  place  tip  against  tip 
of  thumb  and  allow  the  index  finger  loop  to  slip  on  to  thumb. 
Retain  the  near  little  finger  string  also  on  thumb  and  return  to 
position.   Pindiki  and  extend  (Fig.  32). 


Fio.  32.   Two  Turtles  on  a  Log. 


Release  normal 

XVII.  Kangakoo  Tkail 

Wardaman. 

1.  Both  hands.   Opening  A. 

2.  Both  hands.  Bend  thumb  over  index  finger  strings  and 
pick  up  from  below  the  near  little  finger  string. 

3.  Both  hands.  Bend  middle  finger  over  pahnar  and  index 
finger  strings  and  pick  up  from  below  the  far  thumb  string. 
Extend. 
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4.  Both  haiifls.    Drop  little  finger  loop.    Extend.     Bend  it 
tie  linger  forward,  insert  from  below  into  middle  ^uger  loop  and 
withdraw  middle  finger.  Extend. 

5.  Both  hands.   Eepeat  Movements  3  and  4. 

6.  Both  hands.  Bend  thumb  down  over  index  finger  strings, 
draw  hands  slightly  apart,  thus  releasing  upper  thuinb  loop. 
Extend. 

7.  Both  hands.    Turn  hands  palms  inward,  fingers  upwari 

Bend  all  fingers  over  index  finger  strings  and  insert  from  below 
into  thumb  loop.  Extend  fingers  to  change  thumb  loop  tu  i 
wrist  loop. 

8.  Right  hand.  With  tips  of  thumb  and  index  liiiirer  pick 
up  left  near  little  finger  string  and  the  left  far  index  finger 
string,  close  to  left  ])alm. 

9.  Left  hand.  Remove  from  all  strings,  permitting  wrist 
string  to  hang  downward.  With  palm  downward,  fingers  out- 
ward, move  hand  toward  right  hand  and  insert  thumb  into 
hanging  loop.  Bring  thumb  toward  you  by  moving  elbow  out- 
ward to  pick  up  loop  on  back  of  thumb.  Lower  elbow  and  turn 
hand  fingers  upward.  Insert  iiitlex  finger  upward  into  near  loop 
held  between  right  thumb  and  index  finger,  and  the  left  little 
finger  similarly  into  far  loop.  Withdraw  these  loops  from  right 
hand. 

10.  Left  hand.    Repeat  Movement  8  with  left  hand. 

11.  Right  hand,  Repeat  Movement  9  with  right  hand,  fix- 
tend. 

12.  Both  hands.   Beach  thumb  over  index  finger  strings  and 


Fig.  33.    Kangaroo  Trail. 

Release  normal 
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pick  up  from  below  the  near  little  finger  string.  Pindiki  and 
extend,  slowly  working  strings  until  figure  is  obtained  (Fig.  33). 

XVIII.  Dead  Kangaroos 

A  continualion  of  Kangaroo  Trail  (XVII) 
Wardaman. 

The  procedure  differs  from  D*Entrecasteaux  **The  Seine'* 
and  Gilbert  Islands  "Te  Kananei." 

1.  Both  hands.   Construct  ^'Kangaroo  Trail"  (XVH). 

2.  Both  hands.  Drop  index  finger  strings,  draw  hands  slowly 
apart,  strings  loosely  held.  Turn  palms  facing,  fingers  down- 
waid  and  place  right  hand  figure  of  "kangaroo"  across  right 
knee. 


Fio.  34.   A  Step  in  "Dead  Kangaroos." 

3.  Left  han(L  Withdraw  hand  from  all  strings  and  let  them 
fall  across  left  knee. 

4.  Right  hand.  On  the  right  knee  are  two  parallel  horizontal 
strings  which  hold  the  figure  of  the  kangaroo'*  (Fig.  34).  The 
center  of  the  latter  consists  of  an  intersection  of  four  strings, 
two  of  which  (A  and  C)  pass  over  the  near  and  far  horizontal 
strings  respectively  to  meet  at  the  intersection  whence  their 
continuations  (B  and  D)  go  back  and  under  the  respective  hori- 


Fio.  3.J,    A  Step  in  "Dead  Kangaroos." 
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zontal  strings.  Bemove  right  baud  from  all  strings  and  pick 
up  the  intersection  with  the  tips  of  thumb  and  index  finger,  the 
thumb  to  the  left  of  the  intersection,  the  index  finger  to  the 
right.  Lift  intersection  a  few  inches  and  turn  hand  so  that 
fingers  point  to  the  left  (Fig.  35).  I 

5.  Loft  hand.  Bring  hand  toward  the  right  and  pick  np  on 
the  back  of  the  little  finger  the  string  on  the  far  side  of  the  inter- 
section (/))  and  on  the  back  of  the  thnmb  the  string  on  the  near 
side  (C).  Grasp  the  intersection  held  in  right  hand  between  the 
tips  of  the  left  thumb  and  index  finger. 

6.  Right  hand.    Release  intersection  from  right  hand  and 
similarly  to  Movement  5  pick  up  respectively  on  thumb  and 
little  finger  the  near  (A)  and  far  (B)  strings  of  the  intersection  j 
held  in  left  hand. 


Fig.  36.    A  Step  iu  "Dead  Kangaroos." 


7.  Left  hand.  Drop  intersection  held  by  thumb  and  index 
finger  and  hold  hands  closely  together. 

8.  Ripht  hdiid.  Bend  index  finger  over  the  right  near  little 
finger  string  and  by  passing  the  finger  downward  then  inward 
pick  u])  f I'om  the  far  side  the  left  near  little  finger  string, 

9.  Lrft  hand.  Bend  index  finger  downward  over  the  left  far 
thumb  string  and  pick  up  from  below  on  its  back  the  far  right 
thumb  string. 

10.  Both  hands.  Extend.  The  strings  are  now  as  in  Open- 
ing A  with  the  exception  that  the  strings  comprising  the  index 
finger  loops  are  crossed,  whereas  in  Opening  A  one  set  has  been 
drawn  through  the  other  (Fig.  36). 

11.  Proceed  as  in   Kangaroo  Trail,**  Movements  2  to  13. 
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12.  Both  hands.  Drop  both  index  finger  loops,  Pindiki  and 
extend  slowly  working  the  strings  until  figure  is  obtained  (Fig. 
37). 


Fio.  37.   Dead  Kangaroos. 


Release  normal 
XIX.  Big  Mob  of  Blackfellows 

Wardaman. 

Compare  finished  figure  with  Queensland  *  *  Two  Tomahawks ' ' 
and  Bain. 

1.  Both  hands.   Opening  A.  * 

2.  Both  hands.  Insert  little,  ring  and  middle  fingers  and 
thumb  into  index  finger  loop  from  below  and  let  it  slide  over  back 

of  wrist.  Pick  up  from  below  with  thumb  the  near  little  finger 
string  and  return  to  position. 

.3.  Lrft  hand.  Insert  index  finger  from  below  into  thumb 
loop  and  pick  up  the  far  thumb  string  on  back  of  first  joint. 
Press  thumb  against  base  of  index  finger  and  turn  hand  palm 
to  right. 

4.  Right  hand.  Hold  strings  secure  and  with  tips  of  thumb 
and  index  finger  grasp  the  two  strings  which  pass  over  back  of 
left  thumb. 

5.  Left  hand.  Withdraw  little  finger  and  thumb  from  their 
loops  but  retain  loop  on  wrist.    Move  hand  palm  downward, 

fingers  to  right,  toward  tlie  right  hand  and  pick  up  on  little 
finger  the  far  loop  held  by  right  thuml)  and  index  finger.  Move 
the  left  hand  slightly  away  from  you.  Bend  the  thumb  down- 
ward and  then,  by  moving  the  hand  toward  you,  pick  up  with 
the  thumb  the  remaining  (near)  loop. 
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6.  Right  hand.    Repeat  Movement  3  with  right  hand. 

7.  Left  hand.    Repeat  Movement  4  Avith  left  hand. 

8.  Bight  hand.    Repeat  Movement  5  with  right  hand. 

9.  Both  hands.  Pick  up  from  below  with  back  of  thumb  the 
near  little  finger  string  and  return  to  position. 

10.  Repeat  Movements  3  to  9. 

11.  Repeat  again  Movements  3  to  9. 

12.  Bight  hand.  Hold  all  strings  secure,  reach  over  left 
hand,  grasp  left  wrist  string  between  tips  of  thumb  and  index 
finger,  lift  over  left  hand  and  let  fall  between  hands. 

13.  Left  hand.    Repeat  ^lovement  12  with  left  hand. 

14.  Both  hands.  Pindiki  and  work  strings  slowly  until  fig- 
ure is  obtained  (Fig.  38). 


Fig.  38.    Big  Mob  of  Blackfellows. 


Release  normal 
XX.  Armband 

Wardaman. 

Except  for  minor  variation  the  procedure  for  this  figure  is 
identical  with  that  for  Yap  "Three  Stars.*' 

1.  Both  hands.  Opening  A.  Pass  little,  ring  and  middle 
fingers  and  thumb  into  index  finger  loop  and  permit  it  to  slide 
to  wrist. 

2.  Left  hand.  Insert  index  finger  from  abov^e  into  thumb 
loop,  then  reach  away  from  you  and  insert  from  above  into  little 
finger  loop.  Pick  up  the  near  little  finger  string  with  the  ball 
of  the  index  finger  and  draw  up  through  the  thumb  strings  by 
rotating  the  index  finger  upward  and  turning  the  palms  upward. 
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3.  Rigid  hand.  With  tlio  tips  of  the  thumb  and  index  finger 
pick  np  near  the  base  of  the  left  index  finger  the  intersection 
formed  hy  the  left  near  index  finger  string  and  the  left  far 
thumb  string. 

4.  Tjeff  Itaud.    AVithdraw  thumb,  index  finger  and  little  finger 
from  all  strings  but  retain  the  wrist  loop.    Pass  the  hand  over 
the  right  hand  and  moving  it  back  toward  the  left  pick  up  from 
the  right  with  the  little  finger  the  near  loop  held  by  the  right 
thumb  and  index  finger  (previously  the  left  thumb  loo])).  Hold 
this  loop  secure  by  bending  little  finger  against  palm.  Turn 
hand  palm  downward  by  elevating  the  elbow.   Again  place  hand 
over  right  hand  and  move  it  to  the  left  to  pick  up  from  the  right 
on  the  ball  of  the  index  finger  the  far  loop  held  by  the  right  hand 
(previously  the  left  index  finger  loop).   Rotate  the  index  fin- 
ger downward,  then  toward  you,  and  extend  the  index  finger. 
Straighten  the  little  finger.   Pass  the  thumb  from  below  into 
index  finger  loop  and  withdraw  index  finger. 

5.  Right  hand.    Kejx^at  Movement  2  with  right  hand. 

6.  Left  hand.    Repeat  Movement  3  with  left  hand. 

7.  Right  hand.    Repeat  ^lovement  4  with  right  hand. 

8.  Repeat  ^Movements  2  to  7. 

9.  Repeat  again  ^Movements  2  to  7. 

10.  Lf'ft  hand.  Repeat  Movement  2.  Turn  hand  palm  up- 
wards and  extend. 

11.  Right  hand.  With  tips  of  thuml)  and  index  finger  pick 
up  the  left  wrist  string  near  the  base  of  tlie  left  thumb,  lift  over 
thumb  and  lay  across  the  intersection  of  the  left  far  thumb  string 
and  the  left  near  index  finger  string.  With  the  tips  of  the  right 
thumb  and  index  finger  pick  up  the  intersection  of  these  three 
strings. 

12.  Left  hand.  Withdraw  hand  from  all  strings.  Pick  up 
with  the  tips  of  the  thumb  and  index  finger  the  middle  string 
held  by  the  right  thumb  and  index  finger  (the  loop  moved  in 
Movement  11).  Bend  this  string  down  tightly  between  the  other 
two  loops  and  place  between  right  thumb  and  index  finger  from 
the  left.  This  movement  leaves  just  the  two  original  loops  ap- 
pearing above  the  tips  of  the  ri.i»lit  thumb  and  index  fin,i;ei-. 

13.  Left  hand.  Hold  hand  ])alm  downward,  fingers  outward, 
and  ]>ass  over  and  to  the  ri<;ht  of  tlie  right  hand.  .Move  the  hand 
back  toward  the  left  and  by  sliding  the  little  finger  along  the 
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right  thumb  pick  up  the  near  loop  held  hy  tips  of  right  thumb  and 
index  finger.  Raise  the  elbow  and  bend  the  left  thumb  down- 
ward so  that  it  can  be  inserted  from  below  through  the  loop  just 
picked  up  on  little  finger.  Pass  thumb  onward  into  the  far  loop 
held  by  tiy)  of  ri«2:ht  thumb  and  index  tin<^er  and  return  left  hand 
to  position  by  taking  these  strings  from  the  right  hand. 

14.  RipJif  ha  lid.  Repeat  Movement  2  with  right  baud.  Tuni 
hand  palm  upward  and  extend. 

15.  Left  hand.    Hepeat  Movement  11  with  left  hand. 

16.  Rigid  hand.    Repeat  Movement  12  with  right  hand. 

17.  Ripht  hand.    Repeat  Movement  13  with  right  hand. 

18.  Both  hands.  Return  to  position,  Pindiki  and  extend 
(Fig.  39). 


Fio.  39.  Annband. 


Release  normal 
XXI.  Pisii  Speak 

Wakdaman. 

The  procedure  in  this  figure  is  similar  to  that  in  several  other 
Australian  figures,  such  as  North  Australian  **Lily,"  Queens- 
land ''A  Lily  Root,"  Northwestern  ** Headdress/'  Central  Aus- 
tralian   Cooked  Rabbit  on  a  Stick,"  etc. 

1.  Both  hands.  Opening  A.  Take  up  left  palmar  string 
first. 

2.  Right  hand.   Drop  index  finger  loop  and  extend. 

3.  Left  hand.  Bend  index  finger  down  over  palmar  string 
and  into  its  own  loop.  Press  tip  against  palm  to  secure  palmar 
string,  raise  elbow  and  drop  all  other  strings  on  hand.  Extend 
and  drop  index  finger  loop. 


Copyrighted  material 


ABORIGINAL  AUSTRALIAN  STRING  FIGURES 


827 


4.  Right  hand.    Turn  hand  palm  downward,  fingers  to  left. 

5.  Left  hand.  Pass  hand  from  left  into  long  loop  hanging 
from  right  hand.  Move  fingers  along  base  of  right  hand  and 
pick  up  from  below  on  index  finger  and  little  finger  respectively 
the  near  right  thumb  string  and  the  far  right  little  finger  string. 
Draw  out  through  long,  pendant  loop  and  extend. 

6.  Right  hand.  Turn  liand  fingers  upward.  Hold  strings 
taut  and  bend  index,  middle  an'd  ring  fingers  downward  in  such 
a  Avay  that  index  finger  passes  into  left  index  finger  loop,  ring 
finger  into  left  little  finger  loop  and  middle  finger  between  the 
strings  of  the  two  loops  respectively. 

7.  Left  hand.  Pass  hand  over  right  hand  and  move  to  right 
until  strings  are  taut.  Drop  left  hand  strings  over  back  of  right 
hand. 

8.  Right  hand.    Open  hand,  fingers  upward. 

9.  Left  hand.  With  index  finger  pick  up  from  above  the 
loose  palmar  string  on  right  hand  and  draw  out  (Fig.  40). 


Pio.  40.   Fish  spear. 
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XXTL  Vulva 
An  action  figure 

Wardaman. 

1.  Right  hand.  Place  loop  under  foot  and  draw  out  into  a 
long  loop. 

2.  Both  Jiands.  Insert  hands  into  loop  as  in  First  Position 
and  proceed  as  in  Opening  A. 

3.  Both  hands.  Pass  thumb  over  index  finger  strings  and 
pick  up  from  below  the  near  little  finger  string,  but  do  not  return 
to  position. 

4.  Teeth,  Pick  up  middle  of  lower  near  thumb  string  be- 
tween the  teeth  and  draw  out. 

5.  Both  hands.  Draw  the  upper  thumb  string  under  the 
string  held  by  teeth  to  Navaho  the  two  loops.  Drop  string  from 
teeth.  Action  is  indicated  by  drawing  hands  apart,  then  alter- 
nately drawing  them  upward  away  from  foot  (Fig.  41). 


Fio.  41.  Vulva. 


XXIII.  Spear 

Arunta. 

1.  Both  hands.  Opening  A.  Take  up  left  palmar  string 
first. 

2.  I\ighf  hand.  Drop  index  finger  loop  and  extend.  Drop 
tluunl)  and  little  finger  l()()])s  and  let  tliem  liang  below  hand. 
With  thnmb  pick  np  from  the  near  side  the  near  and  far  loft 
index  finger  strings  below  the  left  palmar  string.    Draw  out. 
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With  the  back  of  the  little  finger  pick  up  from  below  the  far 
thumb  strings  as  in  First  position. 

3.  Left  hand.  With  iiidex  linger  pick  up  from  below  the  right 
palmar  strings  as  in  Opening  A.  Hold  these  strings  secure  by 
pressure  from  the  thuml)  and  middle  linger. 

4.  Right  hand.  Drop  all  strings.  Pass  hand  over  left  liand 
and  pick  up  with  tips  of  thumb  and  index  finger  tlie  lower  left 
index  finger  loop.  Draw  upward  and  rightward  over  the  upper 
left  index  finger  loops  and  extend  (Fig.  42). 


Fio.  42.  Spear. 


XXIV.  Bed 

SoxjTHEitx  ('i:oss,  Gnowangerup,  Mooha. 

Similar  paltMiis  from  dilTerent  procedures  are  found  in 
**Goanna"  (XXXiX)  and  "Bunk"  (XL). 

1.  Both  hands.   Opening  A. 

2.  Both  hands.   Drop  little  finger  strings  and  extend. 

3.  Both  hands.  Pass  little  finger  over  index  finger  strings 
and  pick  up  from  below  the  far  thumb  string.  Betum  to  posi- 
tion and  turn  fingers  upward. 
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4.  Right  hand.  Pick  ii])  left  index  linger  loop,  lift  olf  Hm^i 
and  place  over  all  fingers  of  left  hand  to  become  a  wrist  loop. 

5.  Left  hand.    Repeat  Movement  4  with  left  hand. 

6.  Right  hand.  With  thumb  and  index  finger  g^asp  the  far 
thumb  and  near  Uttle  finger  strings  of  left  hand. 

7.  Left  hand.   Withdraw  hand  from  all  strings,  then  movt 
hand  to  right  and  insert  little  finger  and  index  finger  into 
far  and  near  loops  respectively  held  by  right  thumb  and  indei 
finger. 


Fro.  43.  Bed. 


8.  Left  hand.    Repeat  Movement  6. 

9.  Right  hand.   Repeat  Movement  7.  Extend. 

10.  Both  hands.  Turn  hand  fingers  outward.  Bend  thuffll* 
downward  and  pick  up  from  below  the  loop  which  runs  aroufld 

all  parallel  strings.    Drop  index  finger  \oo\)  and  extend. 

11.  BotJi  Jiands.  Pick  up  from  below  with  thumb  the  nosf 
little  finger  string.    Pindiki  and  extend  slowly  as  you  bring  riglu 
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hand  upward  in  front  oF  facts  tlicii  (Unviiward  and  outward,  at 
-  the  same  time  bringing  the  left  hand  inward  and  upward  (Fig. 
43). 

XXV.  Bunk 
"  D  JARU,  KiDJA,  Nangumarda. 

Several  Central  Australian  patterns  are  identical. 

1.  Both  hands.   Opening  A. 

2.  Both  hands.  Drop  thumb  loop.  Pass  thumb  over  near 
index  finger  string,  pick  up  from  below  near  little  finger  string 

and  return  to  position. 

3.  Both  hands.  Bend  down  middle  finger  into  index  finger 
loop,  pick  up  from  below  the  near  index  finger  string  (on  central 
side  of  far  thumb  string)  and  return  to  position.  Drop  little 
iinger  string  so  that  there  is  a  long  pendant  loop,  but  do  not 
extend. 

4.  Both  hands.  Move  hands  slightly  together.  Withdraw 
thumb  from  its  loop,  reach  thumb  over  it  and  pick  up  on  back  of 
thumb  the  long  pendant  loop  (formerly  the  far  little  finger 
string).   Draw  out  and  extend  (Fig.  44). 


Fio.  44.  Bunk. 


Release  normal 


XXVI.  Eaolkuawk 

Wardaman. 

Two  persons  and  a  long  string  are  required  for  this  figure. 

1.  First  Person.    Both  liands.    Opening  A. 

2.  Second  Person.    Both  lumds.    Face  First  Person  and  in- 
'     sert  hands  from  below  into  little  finger  loop.    Draw  his  far  little 
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finger  string  slightly  toward  you.  Pass  little  finger  away  from 
you  over  his  near  little  finger  string  and  under  his  index  finger 
strings.  Turn  palms  upward  and  move  hands  together  until 
little  fingers  touch.  On  each  little  finger  there  will  be  two  strings 
(the  index  finger  strings  of  the  First  Person). 

3.  First  Person.  Both  hands.  Drop  all  strings  except 
thumb  loop.   Pass  all  fingers  from  below  into  thumb  loop  to 


FiQ.  45.  Eaglehawk. 


change  it  to  a  wrist  loop.  Beach  over  palms  of  Second  Person 
and  pick  up  with  tips  of  thumb  and  index  finger  his  lower  little 
finger  string  (the  one  farther  from  you),  lift  up  and  place  over 
his  thumb.  With  tips  of  thumb  and  index  finger  pick  up  the 
remaining  little  finger  string  and  draw  slightly  toward  you. 

4.  Second  Person.  Both  hands.  Drop  all  strings  except 
thumb  and  wrist  loops.  Let  loop  on  thumb  slip  to  its  tijD  and 
hold  fast  with  tip  of  index  finger. 

5.  Both  Persons.  Both  liands.  Pull  string  held  by  thumb 
and  index  finger  toward  yon,  i-aise  ell)ows  to  permit  wrist  loop 
to  slip  over  hand  and  on  to  strings,  and  extend  hands  slightly. 
Shift  loop  held  by  thumb  and  index  to  a  w-rist  loop  by  passing 
into  it  from  below  all  fingers  and  thumb. 
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6.  First  Person.  Both  hands.  Bend  hands  downward  into 
larg^e  triangle  formed  by  your  near  wrist  strings  and  their  con- 
tinuation. Hold  the  latter  side  of  the  triangle  on  the  backs  of 
the  fingers  and  grasp  between  tlie  tips  of  thumb  and  index  finger 
the  corresponding  string  of  the  Second  Person. 

7.  Second  Person.  Both  hands.  Beach  forward  with  tips 
of  thumb  and  index  finger  and  pick  up  the  string  resting  on  the 
backs  of  the  fingers  of  the  First  Person. 

8.  Both  Persons.  Both  hands.  Raise  elbows  to  change 
Rtring  held  by  thumb  and  index  finger  to  the  ball  of  the  index 
finger,  draw  hands  slightly  apart  and  toward  you  and  permit 
wrist  loop  to  slip  easily  over  hand  on  to  loop  drawn  out  (Fig. 

45)  . 

Release  normal 
XXVII.  Big  Pig 

\Vahi>aman. 

Two  persons  and  an  extra  long  string  are  required. 

1.  Both  Persons.  Stand  face  to  face  and  pick  up  string  in 
First  position  so  that  a  rectangle  is  formed.   Opening  A  (Fig. 

46)  . 

2.  First  Person.  Right  hand.  With  tips  of  thumb  and  in- 
dex finger  pick  up  left  index  finger  loop  and  place  as  a  wrist  loop 
over  right  hand  of  Second  Person  (Fig.  47). 

3.  First  Person.  Left  hand.  Repeat  Movement  2  with  left 
hand. 

4.  Second  Person.   Right  hand.   Repeat  Movement  2. 

5.  Second  Person.  Left  hand.  Repeat  Movement  2  with 
left  hand  (Fig.  48). 

6.  Both  Pcrso)is.  Hu/Jit  hand.  Keach  over  left  palm  and 
lift  np  between  tips  of  thumb  and  index  linger  the  left  far  thumb 
string  and  llie  left  nrar  little  finger  string. 

7.  Both  P('rso)is.  Left  hand.  Withdraw  hand  from  all 
strings,  then  pass  hand  to  right  and  pick  up  on  the  little  tinger 
and  thumb  respectively  the  far  and  near  loops  held  by  right 
thumb  and  index  finger. 

8.  Both  Persons.  Left  hand.  Repeat  Movement  6  with  left 
hand. 

f).  Both  Persons.  Right  hand.  Repeat  Movement  7  with 
right  hand. 
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Fig.  49.    Big  Pig. 


836 


DANIEL  SUTHERLAND  DAYIDSOK 


10.  First  Person.  Both  hands.  Hold  hands  fairly  close  to- 
gether, fingers  joined  and  upward. 

11.  Second  Person.  Both  hands.  Draw  hands  apart,  fingers 
upward  and  well  extended  (Fig.  49). 

Release  normal 
XXVni.  DiLLY  Bag 

Wardaman. 

Tortoise"  in  both  Amhem  Land  and  Queensland  is  similar 
in  pattern.   Two  persons  are  required  for  this  figure. 

1.  Second  Person.  Opening  A.  Face  First  Person.  The 
strings  are  named  from  point  of  view  of  Second  Person  although 
First  Person  performs  all  subsequent  manipulations. 

2.  First  Person.  Both  hands.  Pick  up  iioar  thumb  strins 
and  place  in  mouth  of  Second  Person.    Reach  over  mouth  string 


Fig.  50.    Uilly  Bag. 


and  grasp  between  tips  of  thumb  and  index  finger  either  of  tlio 
diagonal  strings  running  from  far  side  of  thumb  to  near  side  of 
index  finger  of  other  hand.  Pull  this  string  up  over  month 
string,  then  downward  to  form  a  small  loop.  Pass  hand  from 
above  into  this  loop  and  grasp  the  other  diagonal  string.  Drav 
out  through  loop,  then  downward  to  form  a  new  loop.  Proceed 
similarly  by  drawing  tlirough  each  new  loop,  first  one,  then  the 
other  diagonal  string  which  runs  from  far  side  of  index  finger 
to  neai"  side  of  little  finger  of  opi)osite  hand.  Finally  pick  up 
the  far  little  finger  string,  draw  out  into  a  loop  and  place  over 
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little  finger  of  Second  Person.  Pick  up  loop  held  in  mouth  of 
Second  Person,  extend  and  place  over  his  thumbs  (Fig.  50). 

Heloase  normal 

XXIX.  TUBTLE 

Waooman,  Kidja,  Djabu. 

Arnhem  Land  ''Tortoise"  is  similar  in  pattern.  Procedure 
is  not  given.    Two  persons  and  a  long  string  are  required. 

1.  First  Person.  BofJi  Jiands.  Opening  A.  Turn  fingers 
outward.  Tlie  strings  are  named  from  point  of  view  of  First 
Person  although  Second  Person  performs  all  subsequent  manip- 
ulations. 

2.  Second  Person.  With  right  tliumb  and  index  finger  pull 
out  the  far  little  finger  string  between  left  thumb  and  index 
finger  to  form  a  loop.  Hold  loop  secure  with  left  hand,  insert 
right  thumb  and  index  finger  through  it  from  below  and  grasp 
the  diagonal  string  which  runs  from  the  right  little  finger  to 
the  left  index  finger.  Draw  out  through  loop  and  form  a  new 
loop.  Proceed  in  the  same  manner  with  the  other  diagonal 
string  and  in  their  turn  with  the  strings  running  between  each 
thumb  and  the  opposite  index  finger.  Place  the  last  loop  in 
teeth  of  First  Person. 

3.  Second  Person,.  Place  the  loops  held  by  left  thumb  and 
index  finger  of  own  hand  on  middle  finger.  Proceed  as  in 
Movement  2  by  drawing  out  through  the  left  thumb  and  index 
finger  the  bottom  string  to  the  riglit  of  the  strings  held  in  own 
left  hand,  then  the  other  strings  in  the  same  order  as  before. 
Place  last  loop  over  the  left  thumb  of  First  Person. 

4.  Second  Person.  Place  tlic  loops  lield  by  own  left  thumb 
and  index  finger  on  injU'X  finger.  T'rocccd  as  in  Movement  2, 
this  time  taking  the  strings  in  tiie  same  order  to  tlie  lelt  of  the 
strings  lield  in  own  left  hand  and  drawing  out  tlie  first  looj)  be- 
tween the  left  ring  and  little  fingers.  Place  last  loop  over  right 
thumb  of  First  Person. 

5.  Second  Person.  With  right  thumb  and  index  finger  re- 
move loop  from  teeth  and  place  over  thumbs  of  First  Person. 
Place  loops  held  bv  left  ring  and  little  fingers  on  left  ring  finger 
(Fig.  51). 
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Fig,  51.  Turtle. 


XXX.  Turtle 

Djaru,  Kidja. 

Two  persons  are  required  for  this  figure. 

1.  First  Person.    Both  hands.    Opening  A.    Face  Second 
Person  with  palms  inward,  fingers  upward. 

2.  Second  Person.  Both  hands.  With  palms  facing  pass 
hands  from  below  into  the  little  finger  loops  of  First  Person. 
Bend  little  finger  downward  and  pass  under  index  finger  strings. 
Move  hands  together  until  sides  of  little  fingers  touch.  Turn 
palms  upward  so  that  there  will  be  two  palmar  strings  across 
each  little  finger. 

3.  First  Person.   Both  hands.   Drop  all  strings  except 
thumb  loops.   Pass  all  fingers  from  below  into  thumb  loop  and 
permit  it  to  slip  on  to  wrist.    With  tips  of  thumb  and  index  ' 
finger  pick  up  the  iii)p('i'  i)almar  lit  tie  finger  string  of  Second 
Person  (the  string  nearer  to  you)  and  draw  out  slightly. 
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4.  Second  Person,  Both  hands.  Hook  little  finger  over  re- 
maining i)almar  little  finger  string  and  draw  out  slightly.  Place 
tip  of  index  finger  against  tii)  of  little  finger,  turn  hand  palm 
downward  and  hook  string  on  index  finger. 

il.  BotJi  Persons.  Both  haiifls.  Draw  out  to  permit  wrist 
loox^s  to  slip  over  back  of  hands  (Fig.  52). 


FlO.  52.  Turtle. 


Release  normal 

STRING  FIGURES  FORMED  FROM  OPENING  A, 

xMOVEMENT  Z 

Mo\TMENT  Z 

A  manipulation  found  in  several  figures  from  North  Aus- 
tralia is  herein  called,  for  want  of  a  better  name,  Movement  Z. 
In  so  far  as  we  know,  it  is  an  elaboration  of  Opening  A  but  since 
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it  conceivably  could  be  employed  in  other  steps  of  construction 
some  separate  term  seems  warranted.  An  example  of  how  the 
same  result  can  be  attained  by  a  less  dextrous  manipulation  is 
found  in  .Movements  2-4  in  ''Gate"  (XXXVU). 

1.  Both  hands.    Opening  A. 

2.  Right  hand.  Pass  thumb  over  all  strings  and  press  them 
downward.  Reach  downward  over  bent  thumb  with  index  finger 
and  pick  up  from  the  far  side  with  its  ball  the  far  little  finger 
string.  Lift  this  string  about  an  inch  over  the  back  of  the  thumb 
(Fig.  53).   Turn  right  palm  toward  you  and  at  the  same  time  ex- 


Fio.  53.   A  Step  in  Movement  Z. 


tend  thumb  and  index  finger  so  that  the  picked  up  string  will 
form  a  loop  on  tlieir  backs.    Turn  hand  palm  outward. 

3.  Left  hand.  Insert  index  finger  from  below  into  upper 
right  thumb  loop  between  right  thumb  and  index  linger  and  take 
loop  olf  right  thumb.    Extend  and  return  to  position  (Fig.  54). 


Fio.  54.   Movement  Z  Completed. 
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XXXI.  Two  Blackfeixows 

Wardaman. 

1.  Both  hands.   Opening  A.   Movement  Z. 

2.  Both  Jtands.  Insert  little,  ring  and  middle  fingers  and 
thumb  from  below  into  index  finger  loops  and  allow  tliem  to  slide 
over  baek  of  hand. 

3.  Both  hands.  Insert  index  finger  from  above  into  little 
finger  loop,  bend  it  baek  toward  yon  and  insert  from  above  into 
thumb  loop.  Pick  up  with  baek  of  index  finger  the  far  thumb 
string  and  draw  it  up  through  the  little  finger  loop.  Extend. 

4.  Right  hand.  Hold  strings  secure,  reach  over  back  of  left 
hand  and  with  thumb  and  index  finger  pick  up  left  wrist  strings, 
lift  over  left  hand  and  place  on  left  thumb  and  index  finger  as 
in  First  position. 

."}.  Lrft  iiand.    Repeat  Movement  4  with  left  hand. 

6.  Both  hands.    Repeat  Movement  3. 

7.  Boih  hands.  Hold  strings  slaek  and  drop  little  finger 
strings.  Extend.  Reach  little  finger  forward  and  pick  np  from 
below  with  its  back  the  near  index  finger  string.  Return  to 
position  and  drop  index  finger  strings. 

8.  Both  hands.  There  are  now  three  loops  on  each  thumb, 
one  on  each  little  finger.  From  each  palmar  string  a  diagonal 
string  crosses  to  the  far  side  of  the  thumb  of  the  opposite  hand. 
Bend  index  finger  down  over  the  palmar  string  and  on  far  side 
of  the  diagonal  string.  Lift  this  string  slightly  with  the  near 
side  of  the  index  finger  close  to  the  point  where  it  intercepts  the 
palmar  string.  Move  the  index  finger  toward  yon  over  the 
string  which  rnns  from  the  far  side  of  the  thnml)  to  intercept  the 
middle  of  the  far  little  finger  string  and  insert  downward  on 
the  far  side  of  the  far  thnmb  string  which  rnns  to  the  palmar 
string  of  the  opposite  hand  (now  snpported  by  the  index  finger 
of  the  opposite  hand).  Pick  up  this  string  on  the  ball  of  the 
index  finger,  in  addition  to  the  one  already  caught  there  and  re- 
turn to  position  by  rotating  the  hands  toward  you  and  lowering 
the  elbows.  This  movement  places  on  the  first  joint  of  each  in- 
dex finger  two  strings  which  now  run  directly  from  one  index 
finger  to  the  other. 

9.  Both  hands.   Drop  thumb  loops,  turn  palms  outward  and 
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draw  out,  working  the  strings  slowly  until  figure  is  obtained 
(Fig.  55). 


Fra.  55.    Two  BlackfellowB. 


XXXII.  Bamboo 

Wabdaman,  Ngainman. 

A  long  string  is  required  for  this  figure.  The  procedure 
varies  only  in  minor  details  from  Yap  **  House  of  the  Bios  Bird" 
and  Society  Islands  **Te  Fare  No  Oro.*' 

1.  Both  hands.    Opening  A.    Movement  Z. 

2.  Both  hands.    Movements  2  to' 8  of  "Two  Blackfellows." 

3.  BofJi  haiifjs.  Press  middle  fingers  against  far  index  finger 
strings  to  liold  them  secure.  Drop  thumb  strings  but  do  not 
extend.    Tilt  hands  slightly  outward  so  that  strings  just  dropped 


Fio.  56.  Bamboo. 
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swing  between  palms.  Beach  thumb  upward  and  place  tip 
ag-ainst  tip  of  index  finger.  Return  hands  to  position  and  tilt 
slig^htly  toward  you  so  that  index  finger  loops  slide  on  to  thumb. 
Release  pressure  of  middle  finger  and  return  to  position. 

4.  Both  hands.  Pindiki  and  draw  out,  slowly  working 
strings  until  figure  is  obtained  (Fig.  56). 

Release  normal 
XXXIII.  Rain 

A  KD  A  .M  A  N ,  X  G  A I N  .M  A  N . 

1.  BofJi  liands.    Opening  A.    Movement  Z. 

2.  Both  hands.  Drop  thumb  loop.  Reach  thumb  over  lower 
near  index  finger  string  and  pick  up  from  below  on  its  back  the 
two  far  index  finger  strings  and  draw  out  slightly  between  the 
upper  and  lower  near  index  finger  strings,  palms  toward  you. 

3.  Both  hands.  Bend  little  finger  over  the  upper  near  index 
finger  string,  insert  it  downward  and  pick  up  from  the  far  side 
the  lower  near  index  finger  string.  Draw  out  slightly  over  the 
upper  near  index  finger  string  and  slide  loop  to  base  of  little 
finger. 

4.  Both  hands.  Hold  strings  slack,  palms  toward  you. 
P)rop  tliuml)  lo()i)s.  Keacli  thumb  over  strings  just  dropped  and 
pick  up  from  below  on  its  back  the  upper  near  index  finger  string 
at  the  point  where  it  runs  across  palm  of  little  linger.  Bend 
little,  ring,  middle  and  index  fingers  down  over  j)almar  string 
and  between  little  and  index  finger  strings  and  press  tijjs  against 
palm.  Do  not  permit  little  finger  strings  to  slip  past  the  second 
joint.  Raise  elbows  slightly  and  extend  carefully  (Fig.  57). 
(A  well  spaced  final  figure  is  difficult  to  attain.) 


Fig.  57.  Bain. 


Release  normal 


844 


DANIEL  SUTHERLAND  DAVIDSON 


XXXrV.  Devil-devil's  Anus 

NOAINMAN. 

This  figure  is  an  iiitermediato  step  in  the  eonstnictici:  Ld 
Crocodile"  (XXXV),  one  of  the  most  widely  distributed  fiss- 
ures in  the  Pacific  Islands  aud  Australia.  It  is  seldom,  hov- 
ever,  that  this  step  is  considered  a  separate  figure  and  give<ii  a 
specific  name.  It  is  therefore  important  to  note  this  recognitioi. 
in  North  Australia,  Queensland  ** Mouth  of  a  Fish,"  and  Fij. 
**Vasua." 

1.  Both  hands.    Opening  A.    ^Movement  Z. 

2.  Both  hands.  Drop  thumb  loop.  Extend.  Pass  thumi 
under  index  finger  strings,  ])iek  up  from  lielow  the  near  htri- 
finger  string  on  its  back  and  return  to  position.  Pass  th^m^ 
between  the  near  index  finger  strings,  pick  up  from  below  tht^ 
upper  near  index  finger  string  and  return  to  position.  Navahi* 
thumb  stiings.  Drop  upper  index  finger  loop.  Draw  out  and 
turn  palms  slightly  inward,  thumb  extended  (Fig.  58). 


FiQ.  58.   Devil-devil's  Anus. 


XXXV.  Cbocodilb 

A  continuation  of  Devil-devil's  Anus  (XXXIV) 

^Ielville  Island,  Coast,  East  op  Dakwin;  Wabdamax,  Ngaix- 
MAN,  Djaru,  Kidja,  Karadjesi,  Nangumarda,  "Bunk";  \ 
Mardudhunera,    Spider  Net";  Noaluma,  Panjima,  Ikji- 
BANDi,  Talainji,  Baiong,  Ingarda,  **Net";  Kellerbebbi^t, 

Southern  Cross,  **Gate" ;  Qi  eensland,  **Shoal  of  Fish." 

Of  the  figures  known  at  ])resent,  tliis  pattern  seems  to  be  tin 
most  widely  distributed  in  Australia  and  Oceania.    Except  f<»i 
minor  variant  o])ening  moves  the  procedure  everywhere  is  Ihf 
^ame.    See  D 'Entrecasteaux     Number,"  Yap  **Ten  Men," 
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K'ew  Caledonia  (Nameless),  New  Zealand  *'Takapau,"  Fiji 
"Im'bi,"  Tonga  "Loukabe,"  Society  Islands  '*Firi  ran  anini" 
aiicl  ^Marquesas  ''Kaukayje."  The  final  pattern  also  has  been 
noted  in  the  Caroline  Islands.  The  Yoruba  of  West  Africa  pro- 
duce a  similar  figure  by  an  entirely  different  procedure. 

1.  Both  hands.  Construct  ' Devil-deviPs  Anus"  (XXXIV). 
Bend  index  finger  over  near  index  finger  string  and  insert  from 
beloAV  into  thumb  loop.    Withdraw  thumb  from  loop. 

2.  Both  hands.  Pass  thumb  under  index  finger  strings  and 
pick  up  from  below  on  its  back  the  near  little  finger  string. 
r>ra.w  out  and  extend.  Pass  thumb  between  the  lower  and  upper 
nea.r  index  finger  strings  and  pick  up  from  below  on  its  back  the 
upper  near  index  finger  string.  Draw  out  and  Navaho  thumb 
loops. 

3.  Both  hands.  Bend  middle  finger  over  the  upper  far  index 
finger  string,  insert  between  strings  of  lower  index  finger  loop 

and  pick  up  from  below  the  lower  near  index  finger  string. 
Droj)  little  finger  loop.  Turn  hands  downward  and  outward 
working  the  string  between  index  and  middle  fingers  until  figure 
is  obtained  (Fig.  59). 


Fio.  59.  Crocodile. 


Release  normal 

XXXVI.  Crocodile's  Eye 

A  continuation  of  Crocodile  (XXXV) 

2J^ELViLLE  Island,  Wardaman    Vulva,"  Ngainman  (not  named) ; 
NoALUMA  ''Small  Bag." 

This  figure  also  is  widely  distributed  in  Oceania  but  in  most 
cases  the  procedure  dilfers.   A  step  in  Yap    Carrying  Money" 
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is  almost  identical.    Compare  final  pattern  with  Qaeeaskftl 
**Sim  (loiided  Over." 

1.  Both  hands.    Construct  Crocodile  (XXXV). 

2.  Both  hands,  Tnm  hands  pahns  downward,  fingers  oiit- 
ward.  Lay  figure  on  lap  and  drop  all  strings.  Along  eaeli  "f 
the  two  main  parallel  strings  which  support  the  figure  are  tlm* 
small  trianofles  (Fig;.  59,  A-F). 

o.  HigJit  ]uni/L  Move  hand  over  figure,  turn  palm  towaH 
you  and  pick  up  from  the  far  side  with  ball  of  little  finger  theftr 
parallel  string  of  the  rightmost  triangle  (C).    Do  not  lift  up. 

4.  Left  hand.  Pick  up  similarly  the  far  parallel  string  of  tb^ 
leftmost  triangle  (A). 

5.  Right  hand.  Bend  thumb  toward  you,  insert  in  rigfatmo^? 
triangle  of  the  near  transverse  string  and  pick  up  from  below 
the  latter  string  (F).    Do  not  lift  up. 

6.  Lrft  hand.  Pick  up  similarly  the  near  transverse  stria^ 
of  the  leftmost  triangle  {D). 

7.  BotJf  hands.  Lift  hands  with  strings  slack  and  tnrn  palm- 
facing  by  lowering  elbows.  Bend  index  finger  across  palm  ami 
pick  up  from  below  on  its  back  the  far  thumb  string.  Hold  se- 
cure on  back  of  first  knuckle  by  pressure  of  thumb  and  draw  oot. 
Turn  hands  fingers  downward  so  that  central  figure  rests  on  lap. 
Withdraw  thumb  and  index  finger  from  strings.  Insert  thanib 
downward  into  little  finger  loop,  move  hand  slightly  away  from 
you  and  pick  up  from  below  with  back  of  thumb  the  near  lap 
string.    Return  to  position.    Pindiki  and  draw  out  (Fig.  60). 


r 


Pio.  60.   Crocodile's  Eye. 
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XXXVII.  Gate 

Southern  Cross,  ICellerberrin. 

This  figure  is  the  same  as  "Crocodile"  (XXXV)  but  the 
procedure  varies  in  the  initial  movements. 

1.  Both  JkdkIs.    Opening  A. 

2.  Both  haiuts.  Dro])  thumb  strings.  Bend  face  over  all 
striiig-s,  pick  up  with  teetli  the  middle  of  the  far  little  finger 
string,  and  di"a\v  })ack  over  all  strings. 

3.  Left  hand.  Insert  index  finger  fi-om  above  into  loop  held 
by  teeth,  bend  do\vnward  and  i)ick  up  from  below  on  its  back 
the  right  mouth  string.    Draw  to  left. 

4.  Right  hand.  Pass  hand  to  left  under  the  left  mouth  string 
and  return  to  right  picking  up  this  string  on  the  right  index 
finder.   Drop  loop  held  in  mouth. 

5.  Both  hands.  Proceed  with  Movement  5  in  **  Devil-devil  *s 
Anus"  (XXXIV)  and  the  three  movements  in  Crocodile*' 
(XXXV)  (Fig.  59).  (At  Southern  Cross  and  Kellerberrin 
Navahoiug  apparently  always  is  done  with  the  aid  of  the  teeth.) 

STRING  PIGUKES  FORMED  FROM  OPENING  B 
XXXVIII.  Men  Coming  to  a  Fight 

Maiiat'ija,  Waudaman  (not  named). 

This  figure  is  almost  identical  in  procedure  witli  New  Cale- 
donia Sardines"  and  Kiwi  Papuans  Path."  In  the  latter 
instance  the  number  of  men  can  l)e  diminished  until  none  is  left. 
This  feature  was  not  observed  in  either  of  the  Australian  groups. 
Compare  finished  figure  with  Canoe"  (Fig.  72)  and  "Bandi- 
coot" (Fig.  89). 

1.  Both  hands.    Opening  B. 

2:  Both  hands.  Pass  thumb  under  index  finger  strings. 
Bend  index  finger  down,  place  tip  against  tip  of  thumb  and  al- 
low its  loop  to  slip  on  to  thumb.  With  little  finger  pick  up  from 
below  the  lower  far  thumb  string  and  extend.  Pindiki  and  draw 
out.   Turn  hands  palms  outward,  fingers  upw^ard. 

3.  Both  hands.  Hold  far  index  finger  string  secure  by  pres- 
sure from  the  middle  finger.  Pass  thumb  under  the  far  little 
finger  string  and  upward  into  index  finger  loop.  With  back  of 
thumb  pick  up  the  far  index  finger  string,  withdraw  index  finger 
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and  draw  out  with  thumb  on  far  side  of  little  lingor  strings. 
Hold  strings  taut,  raise  elbows  and  turn  hands  fingers  down- 
ward,  palms  toward  body  at  level  of  hips.  Hold  near  little 
finger  string  secure  by  pressure  from  middle  finger.  Botate 
thumb  upward  toward  body  to  twist  its  loop  and  at  the  same 


Fig.  61.    Men  Coming  to  a  Fight. 


Fio.  62.   Men  Coming  to  a  Fight. 


FiQ.  63.   Men  Coming  to  a  Fight. 
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time  lower  elbows  and  bring  fingers  upward,  palms  still  facing 
body.    Eetum  to  position. 

4.  Both  hands.  Pick  up  from  below  on  back  of  thumb  the 
near  little  finger  string.   Pindiki  and  extend  (Fig:  61). 

To  make  two  more  men  come  to  the  fight : 

6.  .  Both  hands,   Bepeat  Movements  3  and  4  (Fig.  62). 

To  make  more  men  come  to  the  fight : 

6.  Both  hands.   Repeat  Movements  3  and  4,  etc.  (Fig.  63). 

Release  normal 

XXXIX.  GOANNA 

Waiidamax,    Ngainman,    Tnjibandi,    Maf^didhunkra  "Spider 
Net,"  Ingarda  "Xet,"  Western  Victoria  (not  named). 

This  figure  is  widely  distiilmted  in  Oceania  but  the  proce- 
dures differ.    Compare'^Bed"  (XXIV)  and  **Bunk"  (XL). 

1.  Both  hands.    Opening  B. 

2.  Both  hands.  Bend  thumb  down  into  index  finger  loop  and 
pick  up  from  below  the  far  index  finger  string.  Draw  out  and 
extend.  Pick  up  from  below  with  back  of  little  finger  the  near 
index  finger  string  and  extend.  Drop  index  finger  loop  by  push- 
ing strings  off  finger  with  tips  of  thumb  and  middle  finger.  Pin- 
diki and  draw  out. 

3.  Both  hands.  Hold  far  index  finger  string  secure  by  pres- 
sure from  middle  finger.  (The  Mardudhunera  drop  thumb 
strings  and  extend.)  Slacken  otlier  strings  and  drop  thumb 
loop.  Pass  tliiimb  under  all  strings  and  pick  up  from  below 
on  its  back  the  far  little  finger  string.  Draw  under  all  strings 
and  return  to  position.  Place  tip  of  thumb  against  tip  of  index 
finger,  raise  ell)ows  slightly  and  allow  index  finger  loop  to  slip 
on  to  thumb.  Extend. 

4.  Both  hands.  Hold  strings  slack,  palms  facing,  fingers 
outward.  Drop  little  finger  loop,  bend  little  finger  forward 
across  palm  and  pick  up  from  below  on  its  back  the  far  thumb 
string.    Pindiki  but  do  not  extend. 

5.  Right  hand.  Turn  hand  palm  downward  and  lower  to 
level  of  waist,  then  turn  palm  inward  to  face  body,  fingers  to  the 
left,  and  raise  to  level  of  chin. 

G.  Left  hand.  At  the  same  time  as  Movement  5,  bring  hand 
palm  downward  to  level  of  chin,  then  outward,  downward  and 


850 


DANIEL  SUTHERLAND  DAVIDSON 


back  to  body  at  level  of  waist  (Fig.  64).  The  illustration  gives 
the  point  of  view  of  the  manipulator  looking  down  on  his  hands. 


Fio.  64.  Goanna. 


This  position  of  the  hands  can  be  changed  to  the  normal  ex- 
tension by  the  following  manipulation  observed  among  the 
Ingarda  and  other  tribes  along  the  Gascoyne  and  Lyons  Rivers. 

7.  Lvft  hand.    Move  hand  outward  and  leftward. 

8.  Right  hand.  Move  hand  downward  until  back  of  hand  and 
central  figrure  rest  on  lap.  Carefully  withdraw  fingers  from  all 
strings  so  that  the  latter  remain  on  lap  as  in  Fig.  65.   With  fin- 


Fio.  63.    A  step  in  "Goanna.*' 
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^ers  downward  and  palm  to  left  insert  little  finger  into  (A)  the 
aear  loop  (formerly  the  index  finger  loop)  and  index  finger  into 
(J5)  the  far  loop  (formerly  the  little  finger  loop).  Extend  and 
return  to  position.  Insert  thumb  from  below  between  little  fin- 
j^cr  strings.  Bend  down  tip  of  index  finger,  place  against  tip  of 
thumb  and  allow  index  finger  loop  to  slip  on  to  thumb.  Pindiki 
and  extend  (Fig.  66). 


rio.  66.    Variant  Extension  of  "Goanna"  (Fig.  64). 


9.  Both  hands.  If  figure  is  distorted,  drop  index  finger 
strings  and  extend,  then  Pindiki  and  extend. 

XK  Bunk 

DjAi;r,  KiDjA. 

The  procedure  differs  from  "Bed"  (XXIV)  and  **Goanna" 
(XXXIX).    Two  persons  are  required  for  this  figure. 

1.  First  Person.  Both  hands.  Opening  B.  Face  Second 
Person,  palms  outward,  fingers  upward. 

2.  Second  Person.  Both  hands.  Pass  hands,  palms  down- 
ward, toward  First  Person  under  his  index  finger  strings  and 
over  his  thumb  strings.  Move  hands  slightly  together.  Bend 
little  finger  between  First  Person's  thumb  strings  and  pick  u]) 
on  its  back  his  far  thumb  sti'ing.  Turn  hands  outward  to  change 
string  to  palmar  side  of  little  finger  and  draw  out  slightly  until 
hands  are  free  of  other  strings.  Pick  up  from  below  on  back 
of  thumb  your  palmar  little  fingei-  sti'ini»'  and  lift  up  slightly. 
Pass  little  finger  upward  under  the  First  Person's  near  little 
finger  string,  hook  it  securely  and  draw  out  under  string  resting 
on  back  of  thumb.    Turn  hands  palms  inward,  then  downward 
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and  outward  until  thumbs  point  downward.  Move  hands  mider 
strings  of  First  Person  and  pick  up  from  above  with  back  of 
thumb  his  far  thumb  string.  Return  to  position  by  lowering 
elbows  and  remove  strings  from  hands  of  First  Person.  Pin- 
diki  but  do  not  extend. 

3.  Second  Person.  Right  hand.  Turn  hand  pahn  down- 
ward and  lower  to  level  of  waist,  then  turn  palm  inward  to  face 
body,  fingers  to  the  left,  and  raise  to  level  of  chin. 

4.  Second  Person.  Left  hand.  At  the  same  time  as  Move- 
ment 3,  bring  hand  with  palm  downward  up  to  level  of  chin,  then 
move  it  outward,  downward  and  back  to  body  at  level  of  waist 
(Fig.  64).  The  illustration  gives  the  point  of  view  of  the  manip- 
ulator looking  down  on  his  hands. 

XLI.  Python 

Wakdaman. 

This  figure  is  widely  distributed  in  the  Pacific  Islands  (and 
elsewhere  in  the  world)  but  the  procedures  differ  greatly.  Al- 
though the  manipulations  are  different  lor  D  ^Entrecasteanx 


Fio.  67.    A  Step  in  "Python." 

^'X  and  New  Caledonia  ' ' J^raeelets"  it  is  interesting  to  note 
t  liai  I  hose  tigures  are  made  on  the  lap  as  in  this  North  Australian 

U      '^h  hiinds.    i)\)vn[ng  B. 

'J.      th  hontls.    Turn  hands  i)alms  downward  and  lay  strings 
i^c^vv^  kuee>i.    Drop  all  strings.    l*ass  hands  from  the  sides 
vvu;vv\vav\l  U'tweeu  the  two  loops  until  they  almost  meet  at  the 
\vu;vv.    K\wh  fingers  down  between  the  diagonal  strings  and 
orJwi\i'\l  undin*  the  far  diagonal  string.   With  the  ball  of 
liuK^  t\u)ivr  pick  up  from  above  the  far  transverse  string  and 
^lv«^XK         thwart!  you  between  the  diagonal  strings.  Reach 
\U\\wb  t^^ok  tMwnnl  you  over  the  near  diagonal  string  and  pick 
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ip  from  below  on  its  back  the  near  transverse  string  (Fig.  67). 
Et^aise  hands  palms  facing  to  catch  strings  and  return  to  position. 

3.  Both  hands,  PindiH  and  draw  out.  Turn  hands  pahns 
iownward  and  lay  figure  across  lap.  Withdraw  thumb  and  in- 
iex  finger  from  their  loops.   Move  hands  slightly  together,  slid- 


ing little  fingers  along  the  far  little  finger  string  (the  string 
nearest  to  you).  Straighten  the  little  finger  by  passing  it  out- 
ward under  the  two  diagonal  strings  which  run  outward  from 
the  middle  of  the  near  transverse  string,  then  bend  it  down  over 

the  far  transverse  string  and  hook  it  up  from  the  far  side.  Bend 
thumb  back  toward  you  and  insert  under  the  near  transverse 
string  from  the  far  side  (Fig.  68).  Return  to  position  with  the 
l^icked  up  strings  by  turning  palms  toward  you  and  lowering 
elbows.   Pindiki  and  draw  out  (Fig.  69). 


Fio.  69.  Python. 


Release  normal 
XLII.  Boomerang 

Wardamax. 

This  simple  figure  is  identical  in  pattern  with  Queensland 
"Boomerang**  and  New  Guinea  **A  Fish  Head,*'  the  procedures 
of  which  are  not  given. 
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1.  Both  hands.    Opening  A. 

2.  Both  hands.  Bend  thumb  down  into  index  finger  loop  and 
pick  up  fi'om  below  the  far  index  finger  string.  Draw  out  and 
extend.  Pick  up  from  below^  with  back  of  little  linger  the  near 
index  linger  string  and  extend.  Drop  index  linger  loop  by  push- 
ing strings  off  finger  with  tips  of  thumb  and  middle  finger. 

3.  Both  hands,    Pindiki  and  extend  (Fig.  70). 


Fio.  70.  Boomeruug. 


XLIII.  Canoe 

Taooman,  Ngainman,  Wardaman,  Kidja,  Djaru. 

This  figure  is  a  continuation  of  ** Boomerang"  (XLII).  An 
identical  pattern  is  Queensland  River." 

1.  Both  hands.    Construct    Boomerang"  (XLII). 

2.  Both  liands.  Drop  index  finger  loop  and  with  back  of  lit- 
tle finger  pick  up  from  below  the  far  thumb  string.  Turn  hands 
with  fingers  pointing  downward  and  lay  figure  on  lap.  With- 
draw fingers  from  all  strings. 

3.  BotJi  hands.  With  ball  of  little  finger  pick  up  from  the 
far  side  the  diagonal  string.  Pass  thumb  downward  on  near 
side  of  diagonal  string,  move  it  back  toward  you  and  pick  up  on 


Fig.  71.    A  Step  in  "Canoe." 
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its  back  the  near  transverse  string  (Fig.  71).  Lift  up  these 
.strings  and  return  to  jx^sition. 

4.  Both  IkukIs.  Pick  np  from  })elow  witli  the  back  of  thumb 
tlie  near  little  finger  string  near  base  of  little  finger.  Extend 
hands,  Pindiki  and  draw  out  (Fig.  72). 


Pia.  72.  Canoe. 


Kelease  normal 

XLIV.  Watkr 
A  continuation  of  Boomerang  (XLII) 

Wardaman. 

1.  Both  hands.    Construct  "Boomerang"  (XLII). 

2.  Both  hands.  Hold  far  index  linger  string  secure  by  ])res- 
siire  from  the  middle  linger.  Turn  hands  j)alms  outward,  fingei-s 
upward.  Pass  thumb  outwaid  between  the  far  index  finger  and 
far  little  finger  strings  and  move  hands  together  so  that  tips  of 


Fio.  73.   Water  (A  Biver  Bed). 
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tliumb  meet  on  the  I'ar  side  of  the  "boomerang."  Bend  thumb 
toward  you  and  pick  up  on  its  back  the  two  diagonal  strings 
which  comprise  the  side  of  the  boomerang."  Separate  the 
thumbs  and  draw  out  carefully.  Drop  the  index  finger  strings 
and  extend.  Pindiki  and  draw  out  working  the  strings  until 
figure  is  obtained  (Fig.  73). 

XLV.  Blackfellow  Steai^  a  Lubba 

Wabdaman. 

Identical  patterns  are  Arnhem  Land  **Dead  Man"  and 
Queensland  ** Large  Lizard,"  the  procedures  of  which  are  not 

given. 

1.  Both  hands.    Opening  B. 

2.  Both  hands.  Pass  thumb  over  near  index  finger  string 
and  pick  np  from  below  the  far  index  finger  siring.  Extend. 
Pass  little  finger  over  near  index  finger  string  and  pick  up  from 
below  on  its  back  the  far  thumb  string.    Extend  (Fig.  74). 


Fig.  74.   A  Step  in    Blackfellow  Steals  a  Lubra." 

Drop  index  finger  loop  by  pushing  upward  with  tips  of  thumb 
and  middle  finger.    Pindiki  and  extend  (Fig.  75). 

3.  Both  hands.  At  the  very  middle  of  the  far  index  finger 
string  two  strings  cross.  Hold  palms  outward,  fingers  upward, 
and  pick  up  these  two  strings  with  the  teeth.  Draw  out  several 
inches.  Pass  thumb  outward  and  upward  into  little  finger  loop. 
Rotate  thumb  downward,  then  inward  and  upward  by  raising 
and  lowering  elbows  to  pick  up  the  far  little  finger  string.  Drop 
index  and  little  finger  strings  and  return  to  position. 
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Fio.  75.    A  Step  in  "Blackfellow  Steals  a  Lubra." 


4.  Left  hand.  Pass  little  finger  from  below  into  right  thumb 
loop  and  take  off. 

5.  Right  hand.  There  are  now  four  strings  running  from 
the  teeth  to  the  left  hand.  From  left  to  right  these  may  be 
termed  A,  B,  C  and  D.  Pass  right  hand  from  below  between  B 
and  C  at  a  point  near  the  mouth.  Move  hand,  palm  facing  you, 
tlown  these  strings  until  it  reaches  a  loop  which  runs  under  A, 
over  B  and  C,  and  under  D.  Bend  the  middle  and  index  fingers 
away  from  you  over  this  transverse  string  and  pass  middle  finger 
under  the  string  looped  over  the  thumb  strings,  and  the  index 
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finger  under  the  string  looped  over  the  little  finger  strings. 
Bend  middle  and  index  fingers  upward  to  pick  up  the  two  strings 
indicated  (Fig.  76),  and  draw  out  between  B  and  C.  Drop  the 
strings  held  in  the  teeth.  Pass  the  right  hand  to  the  month, 
palm  toward  you,  and  pick  up  with  the  teeth  the  loops  on  the 
middle  and  index  fingers.  Withdraw  right  hand  from  all 
strings.  Turn  hand  palm  upward,  fingers  outward,  and  insert 
little  finger  into  left  little  finger  loop  from  ])elow. 

6.  Left  hand.  Witlulraw  little  finger  from  its  loop  and  in- 
sert from  ])elow  into  left  thumb  loop.  Withdraw  left  thumb 
from  its  looj). 

7.  Both  hands.  Return  to  position.  Reach  to  the  mouth, 
pick  up  between  the  tips  of  thumb  and  index  finger  tlie  strings 
held  by  teeth  and  remove.  Pinch  tips  of  thumb  and  index  finger 
until  nails  meet  and  raise  elbows  so  that  loop  slips  on  to  iinlex 
finger.  Lower  elbows,  turn  palms  upward,  straighten  index 
finger  and  turn  hands  palms  facing.  Insert  thumb  from  below 
into  little  finger  loop  and  return  with  near  little  finger  string 
and  far  index  finger  string,  drawing  them  under  the  near  index 
finger  string.   Drop  index  finger  loop.   Pindiki  and  extend 


XL VI.  Boy  After  Lubra  Buns  Away 
A  continuation  of  Blackfellow  Steals  a  Lubra  (XLV) 

Wa  If  DAM  AX. 

Queensland  "Little  Bird"  has  the  same  pattern. 


(Fig.  77). 


Fio.  77.   Blackfellow  Steals  a  Lubra. 


Release  normal 
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1.  Both  hands.  Construct  "Blackfellow  Steals  a  Lubra.'*. 
Tlie  Lubra  is  on  the  left,  the  Blackf ellow  on  the  right. 

2.  Both  hands.  Turn  hands  palms  downward,  fingers  out- 
ward, and  lay  figure  across  lap.    Drop  all  strings. 

3.  Right  Jiaiul.  Hold  hand  palm  downward,  lingers  to  left, 
aiicl  hook  with  the  ball  of  the  little  finger  from  the  far  side  the 
fur  transverse  string  to  the  right  of  the  ^'Blaekf ellow."  Do 
not  lift  string.  Bend  thumb  toward  you  and  ])ick  up  from  the 
fa.r  side  the  near  transverse  string  to  the  right  of  the  "Black- 
fellow."    Do  not  lift  string  (Fig.  78). 


4.  Left  hand.  Repeat  Movement  3  with  left  hand  to  pick  up 
the  same  strings  to  the  left  of  the   Blackf  ellow''  (Fig.  78). 

5.  Both  hands.  Lift  the  hands  with  the  picked  up  strings  by 
lowering  the  elbows.  Pass  index  finger  from  below  into  thumb 
loop  and  remove  from  thumb.  Pass  thumb  under  index  linger 
strings  and  pick  up  from  below  the  near  little  finger  string.  In- 
sert thuml)  from  below  into  index  finger  loop  and  withdraw  index 
linger.    Pindiki  and  extend  (Fig.  79). 


Pig.  79.   Boy  After  Lubra  Runs  Away, 
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FLYING  FOX  SERIES 

Melville  Island. 

XLVn.  Canoe 

Ariihem  Land  "Goanua"  and  * '  Striugray "  are  similar  in 
pattern. 

1.  BotJi  hands.    Opening  B. 

2.  Right  hand.  Pass  thumb  over  near  index  finger  string 
and  pick  up  from  below  the  far  index  finger  string. 

3.  Left  hand.  Pass  thumb  under  near  index  finsrer  string 
and  pick  up  from  below  the  far  index  finger  string.  Draw  out 
and  extend. 

4.  Both  hands.  Pick  up  from  below  with  back  of  little  finger 
the  near  index  finger  string.  Drop  index  finger  loop  by  pushing 
upward  with  tips  of  middle  finger  and  thumb.  Pindiki  but  do 
not  work  strings. 

5.  Both  hands.  Navaho  thumb  strings  by  picking  up  pend- 
ant loop  with  teeth  and  lifting  over  thumbs.  Turn  hands  pahns 
upward,  reach  little,  ring  and  middle  fingers  upward  into  index 
linger  loop  and  bend  toward  you  over  the  string  just  Xavaliood. 
Press  tliis  string  against  palm  and  draw  ^^trings  taut  by  extend- 
ing thumb  and  index  linger  (Fig.  80).    (Compare  with  Fig.  96.) 


Fig.  80.  Canoe. 


XLVIII.  First  Flyino  Fox 

A  continuation  of  Canoe  (XLVTI) 

The  procedure  is  similar  to  New  Caledonia  "Bird  Lime  uu 
a  Tree." 

6.  Both  hands.  Bend  thumb  over  middle  finger.  Bend  index 
finger  over  thumb  and  allow  far  index  finger  string  to  slip  on  to 
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back  of  thuml).  Extend  middle,  ring  and  little  lingers,  Pindiki 
and  draw  out  (Fig.  81). 


Fio.  81.   First  Flying  Fox. 

XLIX.  Second  Flying  Fox 

A  continuation  ol'  First  Flying  Fox  (XLVII) 

New  Caledonia  "Four  Pigeons'*  is  similar  in  procedure; 
South  Australian  "Fish  Net'*  in  pattern. 

7.  Both  hands.  Navaho  thumb  strings.  Drop  little  finger 
loop.   Turn  hands  downward  and  outward  and  extend  (Fig.  82). 


Fio.  82.    Second  Flying  Fox. 


L.  TiiiKi)  Flying  Fox 


A  continuation  of  Second  Flying  Fox  (XLIX) 

8.  Both  ]ia)ids.    Return  to  position. 

9.  Right  haufl.  With  the  tips  of  thumb  and  index  finger 
.c:rasp  the  intersection  of  strings  midway  between  left  thumb  and 
index  finger. 

10.  Left  }i(iu(J.  Withdraw  hand  from  all  strings  and  pass 
hand  palm  downward  over  right  arm.    Extend  little  finger  and 
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move  to  tlu'  left  along  right  thumb  until  it  can  he  inserted  U'om 
the  right  into  the  near  loop  held  by  right  thumb  and  index  finder 
(previously  the  left  thumb  loop).  Draw  this  loop  slightly  to  tlie 
left  and  turn  hand  thumb  upward.  Bend  thumb  down  and  in- 
sert from  below  into  left  little  finger  loop.  Turn  thumb  to  ri|^ht 
and  insert  into  far  loop  held  by  right  thumb  and  index  finger. 
Return  hand  to  position. 

11.  Right  hand.  Drop  strings  held  between  thumb  and  in- 
dex finger  tips. 

12.  Left  hand.   Repeat  Movement  9  for  left  hand. 

13.  Right  hand.   Repeat  Movement  10  for  right  hand. 

14.  Left  hand.   Repeat  Movement  11  for  left  hand. 

15.  Both  hands.   Pindiki  and  extend  (Fig.  83). 


Fig.  83.   Third  Fljing  Fox. 


Fio.  84.    Fourtli  Flying  Fox. 


Copyrighted  material 


ABORIGINAL  AISTKALIAN  .STKING  FIGURES 


863 


LI.  ForRTH  Flying  Fox 
A  continuation  of  Third  Flying  Fox  (L) 

16.  Both  hands.   Withdraw  thumb  from  strings  and  pass 
.way  from  you  into  diamond-shaped  space  nearest  to  thumb 
Fig.  83,  A,  B).   Bend  index  finger  over  back  of  thumb  and 
lUow  far  index  finger  string  to  slip  on  to  near  side  of  thumb. 
!tetnm  to  position.   Pindiki  and  extend  (Fig.  84). 

A  SERIES  OF  STRING  FIGURES 

Wardaman. 

In  this  series  of  nine  fi<(ures  (a-i)  two  players  alternate  in 
takiiiji:  a  finished  tigure  off  tlie  hands  of  the  other  and  making  it 
into  a  ditTerent  fignre.  There  are  hasie  similarities  with  two 
series  in  the  Gilbert  Islands  hut  in  the  latter  various  inter- 
mediate figures  are  found  and  several  of  the  similar  or  identical 
figures  are  inverted. 

Lll  (a).  Boomerang 

1.  First  Person.  Both  hands.  Opening  B.  Construct 
"Boomerang"  (XLII).  Face  Second  Person,  palms  outward, 
fingers  upward  (Fig.  85). 


Fig.  85.  Boomerang. 


LIII  (h).  Python 

2.  Second  Person.  Both  Jiands.  Witli  palms  downward, 
thumbs  toward  you,  reach  over  upper  transverse  siring  witli 
little  finger  and  pick  it  up  close  to  index  finger  of  First  Person 
(Fig.  85,  A  and  B).  Bend  thumb  downward  and  pick  up  from 
above  the  lower  transverse  string.  Turn  hands  upward  by 
lowering  elbows,  straighten  little  finger,  draw  all  strings  away 
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from  First  Person  and  extend.  With  back  of  thumb  pick  up 
from  below  the  near  little  finger  string,  Pindiki  and  extend  (Fig. 
86).    Turn  palms  downward,  fingers  outward. 


FiQ.  86.  Pytlion. 


LIV  (r).  Inverted  Boomerang 

A  similar  pattern  is  Queensland  Cassowary" 

3.  First  Person.  Both  hands.  Pass  hands  toward  Seo(»nd 
Person  and  insert  thumb  and  little  finger  into  triangle  facing 
his  index  finger  (Fig.  86,  A  and  B).  With  back  of  thumb  pick 
up  his  far  index  finger  string  and  with  back  of  little  finger  his 
near  thumb  string  (which  runs  to  meet  the  former).  Withdraw 
strings  from  Second  Person  and  extend.  With  back  of  thumb 
pick  up  from  below  the  near  little  finger  string,  Pindiki  and  ex- 
tend (Fig.  87).    Hold  palms  outward,  fingers  upward. 


Fig.  87.    liiveitod  Boonioiniig 
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LV  (d).  Unnamed  Figure 

4.  Second  Person.  Both  hands.  With  palms  downward, 
lumbs  inward,  pick  up  from  above  with  little  finger  the  far  in- 
ex  finger  string  (Fig.  87,  A  and  B).  Bend  thumb  downward, 
isert  in  triangle  (x)  in  center  of  figure  and  pick  up,  on  its  back 
y),  the  lower  transv^erse  string  (far  little  finger  string).  Re- 
love  all  strings  from  First  Person  and  extend.  Pick  up  from 
elow  on  back  of  thumb  the  near  little  finger  string,  Pindiki  and 
xteiid  (Fig.  88).    Hold  palms  outward,  fingers  upward. 


Fig.  88.    Unnamed  Figure. 


LVI  (c).  Bandicoot 

5.  First  Person.    Both  hands.    Hold  palms  facing,  fingers 
upward.    The  figure  held  by  the  Second  Person  can  be  divided 
roughly  into  three  main  parts,  a  large  central  section  (Fig.  88, 
X),  bordered  on  each  side  by  a  triangle.    Pass  the  little  finger 
into  the  triangle,  move  the  hands  together  and  pick  up  on  the 
ball  of  the  finger  the  diagonal  string  (A,  B)  which  runs  between 
the  two  hand-to-hand  strings.    Secure  string  by  pressing  tip  of 
little  finger  against  ])alm.    Turn  hands  palms  downward  by 
elevating  elbows  and  pass  thumb  and  index  finger  into  large 
central  section  (X).    Enclose  between  thumb  and  index  finger 
the  string  {C,  D)  which  runs  from  Second  Person's  thumb  to  the 
lower  transverse  string.    Lower  elbows  and  remove  all  strings 
from  Second  Person.    Pick  up  from  below  with  back  of  thumb 
the  near  little  finger  string,  Pindiki  and  extend  (Fig.  89).  Turn 
palms  downward. 
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Fig.  89.  Bandicoot. 


LVII  (/).  Unnamed  Figure 

6.  Second  Person.  Both  hands.  Hold  palms  facing,  lingers 
outward.  Pass  hands  over  figure  and  pick  np  from  below  with  i 
little  finger  the  string  which  runs  from  back  of  thumb  to  the 
First  Person's  far  little  finger  string  (the  lower  transverse 
string,  Fig.  89,  A,B).  Encircle  this  string  with  little  finger  and  \ 
draw  toward  you  until  past  all  strings.  Turn  palms  downward. 
Move  hands  away  again,  reach  down  with  thumb  and  index  on 
far  side  of  your  little  finger  string  and  pick  up  the  string  which 
runs  from  Second  Person's  thumb  to  his  far  index  finger  string 
(the  upper  transverse  string,  Fig.  89,  C,  D).  Lower  elbows, 
straighten  fingers,  lift  all  strings  from  First  Person  and  return 
to  position.  Pick  up  from  below  with  back  of  thumb  the  near 
little  finger  string,  Pindiki  unci  extend  (Fig.  90).  Hold  palms 
outward,  fingers  upward. 


FiQ.  90.    Unnamed  Figure. 
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LVm  (g).  Unnamed  Figure 

7.  First  Person.  Bepeat  Movement  2  (Fig.  91).  Hold 
peilms  downward. 


Fig.  91.   Unnamed  Figure. 


LIX  (h).  Unnamed  Figure 

8.  Second  rerson.  Kepeat  Movemeut  3  (Fig.  92).  Hold 
palms  outward. 


FiQ.  92.   Unnamed  Figure. 


LX  (i).  Water  (A  Kiver  Bed) 

9.  First  Person.  Both  hands.  Hold  palms  outward,  thumbs 
downward.  Pick  up  from  below  with  little  finder  the  upper 
transverse  string  close  to  Second  Person's  index  finger  (Fig. 
92,  A,  B).  Bend  thumb  downward  and  insert  into  small  triangle 
which  faces  tlie  lower  transverse  string  about  ojic-t liird  towai'd 
center  I'loni  liand  (Fig.  !)'2,  (\  I)).  Pick  \\\)  transverse  sti'ing 
on  back  of  thumb  by  lowering  elbows,  lift  all  strings  from  Second 
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Person  and  extend.  With  back  of  thumb  pick  up  from  below  the 
near  little  linger  string,  Pindiki  and  extend  (Fig.  93). 


STRING  FIGURES  FORMED  FROM  OPENING  C 

LXI.  P^ouB  Blackfellows 

Ngainmax. 

An  identical  pattern  is  Queensland  "Four  Boys  Walking  in 
a  Row."    A  fairly  long  string  is  required  for  this  figure. 

1.  Both  hands.    Opening  C. 

2.  Both  hands.  With  thumb  pick  up  from  below  the  upper 
near  index  finger  string  and  draw  out.  With  little  finger  pick 
up  from  below  the  upper  far  index  finger  string  and  draw  out. 
Drop  upper  loop  from  index  finger  and  extend. 

3.  Right  hand.  With  middle  finger  pick  up  from  below  the 
left  palmar  string  and  return. 

4.  Left  hand.  With  middle  finger  pick  up  the  right  palmar 
string  between  the  middle  finger  strings  and  extend. 

5.  Bight  hand.  Hold  strings  secure,  pass  hand  over  left 
hand  and  with  the  tips  of  thumb  and  index  finger  pick  up  the 
left  fai-  little  fiiii>er  string.  Carry  this  string  over  the  back  of 
the  left  little  and  ring  fingers  and  drop  between  the  left  ring  and 
middle  finger  (thereby  changing  the  little  finger  loop  to  a  ring 
finger  loo})  in  inverted  ])osition). 

6.  Left  hand.  Kepeat  Movement  5  with  left  hand.  Return 
to  position. 

7.  Right  hand.  Turn  hand  palm  toward  you  and  bend  little, 
ring  and  middle  fingers  over  all  strings  to  hold  them  secure. 
Roll  hand  to  left  by  raising  elbow  and  with  the  index  finger  and 
thumb  lift  up  the  left  far  thumb  string,  the  index  and  middle 
finger  strings  and  the  near  ring  finger  string. 


r. 


Fio.  93.   Water  (A  Kiver  Bed). 
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8.  Left  hand.  Bend  the  little  finger  forward  over  the  far 
ring-  tinker  string  and  under  the  strings  hold  n])  by  the  right 
hand  and  pick  up  from  l)el()w  the  left  near  thumb  string.  Draw 
out  and  return  to  position. 

9.  Left  hand.    Kepeat  Movement  7  with  left  hand. 

10.  Right  hand.    Repeat  Movement  8  with  right  hand. 

11.  Both  hatids.  Drop  thumb  loop.  Bend  thumb  over  near 
index  finger,  pass  it  away  from  you  under  all  other  strings  and 
return  with  the  far  little  finger  string  on  its  back. 

12.  Both  hands.  The  near  index  finger  string  now  runs  un- 
der the  thumb  strings,  thence  up  over  the  near  thumb  string  to 
the  center  of  the  figure.  Turn  hands  palms  toward  yon.  liciid 
little  finger  down  over  middle  finger  sti'iugs  and  pick  up  from 
below  on  its  back  the  aforementioned  string  at  a  point  midway 
between  its  intersection  with  the  near  thumb  string  and  the 
center  of  the  figure  (Fig.  94).  Keturn  to  position  and  Navaho 
little  finger  loops. 


Fio.  94.    A  Step  in  "Pour  Blackf ellows. ' ' 


13.  Right  hand.  Reach  index,  middle  and  ring  fingers  over 
back  of  left  hand  and  pull  the  loops  on  the  left  index,  middle  and 
ring  fiugers  over  the  ends  of  the  fingers  so  that  they  drop  on 
the  palmar  side. 

14.  Left  hand.    Repeat  Movement  13  with  the  left  hand. 

15.  Both  hands.  Draw  the  hands  slightly  apart  uutil  the 
loops  dropped  are  free.  Bend  index  finger  over  far  thumb 
string  and  pick  up  from  below  the  near  thumb  string. 
Straighten  the  finger  and  withdraw  the  thumb  to  transfer  thumb 
loop  to  the  index  finger  in  an  inverted  position.  Pass  thumb 
under  index  finger  strings  and  pick  up  from  below  the  near 
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little  finger  string.    Pass  thumb  from  below  into  index  ksi 
loop  and  withdraw  index  finger.   Extend  slightly,  Pin^ 
draw  out,  working  the  strings  slowly  until  figure  is  olitabi 

(Fig.  1>5). 


Fio.  95.    Four  Blackfcllows. 

Helease  normal 


LXII.  Canoe 

I 

Wardaman. 

Tliis  ligure  lias  tlie  samu  name  and  procedure  in  Queensland. 

1.  Both  hands.    Opening  C. 

2.  li'ifiht  hand.  Pass  thumb  between  upper  and  lower  noar 
index  linger  strings  and  pick  up  from  below^  the  far  upper  indei 
linger  string.    Return  to  position. 

3.  Left  hand.  Pass  thumb  between  upper  and  lower  near 
index  finger  strings  and  pick  up  from  below  the  far  lower  index 
finger  string.    Return  to  position. 

4.  Both  hands.  Pass  ring  finger  over  the  upper  near  index 
finger  string,  pick  up  from  below  the  lower  near  index  finger 
string  and  extend.  Hold  taut  the  far  ring  finger  string  and  move 
the  thumbs  slightly  together.  This  movement  should  cause  the 
upper  near  index  finger  string,  which  runs  from  hand  to  hand, 
to  swing  beneath  the  other  strings. 

5.  Both  hands.  Turn  hands  so  that  fingers  point  upward, 
palms  outward,  and  let  the  long  hanging  string  swing  to  the 
level  of  the  thumbs.  Pass  index  finger  downward  into  thumb 
loop,  then  move  it  away  from  you  over  the  hanging  string. 
Hook  the  index  finger  over  this  hanging  string  and  return  to 
position  with  it  by  rotating  the  finger  and  lowering  the  elbows. 
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""uni  hands  palms  downward,  fingers  outward.  Drop  thumb 
ti*ings  and  extend. 

6.  Both  hands.  Pass  thumb  downward  between  ring  finger 
ti-ings  and  return  with  the  near  index  finger  string  which  runs 
rom  hand  to  hand  (Fig.  96).    (Compare  with  Fig.  80.) 


Fig.  96.  Canoe. 


LXIII.  Net 

si  WAN  Reach. 

Tliis  figuro  is  loiuid  in  North  Australia,  Central  Australia 
and  Queensland  under  various  names. 

1.  Both  hands.    Opening  C. 

2.  Right  hand.  Pass  thumb  between  upper  and  lower  near 
index  finger  strings  and  pick  up  from  below  the  far  upper  index 
finger  string. 

3.  Left  hand.  Pass  thumb  between  the  upper  and  lower  near 
index  finger  strings  and  pick  up  from  below  the  far  lower  index 
finger  string. 

4.  Right  hand.  Pass  middle,  ring  and  little  lingers  toward 
you  over  tlie  far  lower  index  finger  string  and  press  tips  of 
fingers  against  palm  of  hand.  Straighten  the  middle  finger  and 
pick  up  from  below  the  near  lower  index  finger  string. 

5.  Left  hand.  Pass  middle,  ring  and  little  fingers  toward 
you  over  the  far  upper  index  finger  string  and  press  tips  of 
fingers  against  palm  of  hand.  Straighten  the  middle  finger  and 
pick  up  from  below  the  lower  near  index  finger  string. 

6.  Both  hands.  Keep  little  and  ring  fingers  pressed  against 
palm  and  turn  hands  palms  toward  you  so  that  upper  near  index 
finger  string  assumes  a  palmar  position  across  the  middle  finger. 
i>end  the  middle  finger  over  this  string  and  rotate  the  finger 
downward,  outward  and  upward  to  wind  this  string  once  around 
the  first  joint.  This  movement  causes  the  former  middle  finger 
loop  to  slip  oli'  the  finger.  Extend. 
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7.  Both  hands.  The  string  just  (lr<)i)i)ed  by  the  middle  timber 
now  runs  from  a  point  where  it  passes  over  the  near  middle 
finger  string  to  the  near  side  of  the  index  finger.  Piek  iijj  thi* 
string  from  the  far  side  with  the  back  of  thumb.  Navaho  near 
thumb  strings.    Return  to  position  and  drop  little  finger  strings. 

8.  Both  hands.  Turn  hands  palms  downward.  Bend  the 
thumbs  toward  each  other,  thence  downward  and  outward  to 
wind  the  near  thumb  string  once  around  the  thumb.  Extend 
and  work  strings  until  figure  is  obtained  (Fig.  97). 


Arnhem  Land  ** Tortoise*'  is  similar.  Two  persons  and  a 
long  string  are  required. 

1.  First  Person.   Both  hands.   Opening  C. 

2.  First  Person.    Both  hands.   Treat  the  double  loop  as  a 

single  string  and  execute  again  Opening  C  to  place  a  quadruple 
loop  on  the  index  fingers. 

3.  Second  PcisoH.  Left  hand.  Insert  index  finger  from 
above  into  ]()()i)s  held  l)y  First  Person  near  his  right  hand  and 
remove  from  his  right  index  finger. 

4.  Second  Person.  RigJit  hand.  With  palm  downward  ])iek 
up  from  above  with  ball  of  ring  finger  one  of  the  near  strings  a 
few  inches  from  left  index  finger  of  First  Person  and  draw  out 
slightly.  Pass  index  finger  over  this  string,  pick  up  from  above 
with  its  ball  a  second  string  and  draw  out  over  first  string. 

5.  Second  Person.  Right  hand.  Straighten  index  finger  un- 
til the  back  of  the  first  joint  rests  under  ring  finger  string.  Move 
thumb  along  ball  of  index  finger  to  catch  palmar  index  finger 
string  on  back  of  first  joint  of  thumb.   Separate  thumb  and  in- 
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dex  fiiig'er  slightly.  Pass  index  Hng*er  forward  and  pick  u})  from 
above  witli  its  ball  a  third  string.  Draw  this  string  out  over 
second  string. 

6.  Second  Person.  Right  hand.  Proceed  similarly  to  Move- 
ment 5  and  pick  up  the  fourth  near  string  and  each  of  the  four 
far  strings  of  the  quadruple  loop.  When  the  eighth  string  has 
been  dra'wn  out  on  the  ball  of  index  finger  pass  the  index  finger 
outward  under  all  strings  toward  right  hand  of  First  Person. 

7.  First  Person.  Right  hand.  Pass  index  finger  downward 
into  loop  on  right  index  finger  of  Second  Person  and  take  off. 

8.  Second  Person.  Right  hand.  Pass  index  finger  down- 
ward into  ring  finger  loop  and  take  off. 

9.  Both  Persons.  Both  hands.  Extend  hands  slightly  to 
draw  strings  taut  (Fig.  98). 


¥iQ.  98.  Turtle. 


STKING  FIGURES  FORMED  FROM  ELBOW  OPENING 

LXV.  Tomahawk 

Waooman. 

1.  Elbow  Opening. 

2.  Right  hand.  With  tips  of  thumb  and  index  finger  pick  up 
the  near  left  arm  string,  carry  over  back  of  left  hand  and  place 
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between  left  ring  and  little  fingers.  Drop  string  from  right 
hand.  Turn  hand  palm  upward,  fingers  outward.  Move  hand 
away  from  you  and  pick  up  between  the  little  and  ring  fingers 
the  string  suspended  from  the  far  side  of  the  left  ring  finger. 
3.  Both  hands.  Draw  hands  apart  and  assume  usual  position 
•  but  be  sure  that  the  left  arm  loop  is  secure  above  the  left  elbow. 


Turn  hands  palms  downward  so  that  far  ring  finger  string  runs 
across  palms.  Bend  thumb  down  under  this  string  from  the 
near  side  and,  by  turning  hands  palms  facing,  pick  up  on  back  of 
thumb.   Return  to  position. 

4.  Left  hand.  Proceed  as  in  Opening  A  by  picking  np  the 
right  palmar  string  from  below  with  the  index  finger  (the  right 
palmar  string  must  be  picked  up  first). 

5.  Rif/hf  hand.  With  tlio  index  finger  i)ick  up  from  below  the 
left  ]ialniar  string  and  draw  out  between  the  left  index  finger 
strings. 


Fig.  99.  Tomahavk. 
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6.  Right  hand.  Band  thumb  ovar  the  far  thumb  string,  pass 
under  the  index  fiuj^or  strings  and  tlie  little  finger  strings  and 
return  witli  the  far  little  finger  string.  Draw  up  through  the 
original  thumb  loop  and  allow  the  latter  to  slip  off  the  thumb 
and  on  to  the  new  loop  (Navaho).   Drop  little  finger  loop. 

7.  Left  hand.  Drop  index  finger  loop.  Drop  little  finger 
loop  and  extend  (Fig.  99). 

LXVI.  Lightning 

"Wagoman. 

1.  Elbow  Opening. 

2.  Right  hand.  Pass  hand  between  body  and  elbow  loop,  pick 
up  from  near  side  with  the  fingers,  palms  upward,  the  far  left 

arm  string  about  half  way  to  bottom  of  loop  and  draw  up  near 
bodv. 

3.  Left  JkukJ.  V'lvk  up  from  the  far  side  with  tlie  fingers, 
palms  upward,  the  near  left  arm  string  about  halfway  to  bottom 
of  loop. 

4.  Both  hands.  Bring  hands  toward  each  other  and  turn 
palms  downward  by  elevating  elbows.  Slightly  overlap  the  in- 
dex fingers,  right  hand  outmost,  to  form  a  small  pendant  loop. 
Insert  in  this  loop  from  the  far  side  the  index,  middle  and  ring 
fingers  and  lock  the  crossed  strings  by  bringing  the  tips  of  these 
fingers  against  tip  of  thumb.  Hold  strings  secure  and  point 
fingers  downward  so  that  left  arm  loop  will  fall  over  left  hand 
and  on  to  strings.  This  movement  will  also  cause  the  far  ring 
finger  string  to  hang  below  the  hands  in  its  original  position  of 
a  pendant  loop. 

5.  Both  liands.  Turn  hands  palms  facing  and  raise  fingers 
slowly  until  tliey  i)()iiit  outward  thus  changing  the  aforemen- 
tioned far  ring  finger  string  to  a  far  little  finger  sti-ing.  Sep- 
arate thnmb  and  lingers  and  extend  carefully.  There  should  be 
two  lo()]js  on  each  thnmb  and  one  on  each  little  Hnger.  Piudiki. 

6.  Right  liand.    Turn  hand  palm  downward,  tingers  outward. 

7.  Left  hand.  Close  Uttle,  ring  and  middle  fingers  against 
palm.  Rotate  hand  outward  and  downward,  then  inward  and 
upward  to  wind  once  on  the  index  finger  all  the  left  hand  strings 
(Fig.  100). 
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Fio.  100.  Lightning. 

LXVII.  Axe 


Wardaman. 

1.  Elbow  Opening. 

2.  Right  hand.  Slide  elbow  loop  u})ward  over  left  shoulder. 
Pass  hand  between  body  and  loop  and  pick  up  from  below  be- 
tween tips  of  thumb  and  index  tinger,  palm  upward,  the  far 
(back)  shoulder  string  about  half  way  to  bottom  of  loop.  Draw 
up  near  body. 

3.  Left  hand.  Pick  up  from  below  between  tips  of  thumb  and 
index  finger,  palm  upward,  the  near  (front)  shoulder  string 
about  half  way  to  bottom  of  loop. 

4.  Both  hands.  Bring  hands  toward  each  other  and  turn 
palms  downward  by  elevating  elbows.  Slightly  overlap  the  in- 
dex fingers,  right  hand  outmost,  to  form  a  small  pendant  loop. 
Insert  index  finger  in  this  loop  from  the  far  side  and  lock  the 
crossed  strings  by  locking  tip  against  tip  of  thumb.  Extend 
hands  carefully.  Straighten  index  finger  and  raise  thumb  to 
place  a  loop  on  each  thumb  and  index  finger.  Shrug  shoulder  to 
cause  shoulder  loop  to  slide  over  left  hand  on  to  strings.  Extend 
and  return  to  ])osition. 

5.  Both  hands.  Pass  thuml)  over  near  index  linger  sti'ing 
and  pick  up  from  below  tlie  far  index  finger  string.  Bend  little 
finger  over  near  in<lex  finger  string  and  pick  up  from  ])elow  the 
far  tlumib  string.  Keturn  to  jiosition  and  drop  index  finger 
loop  by  pushing  strings  from  below  with  tips  of  thumb  and 
middh'  finger. 

().  Bofli  liands.  Press  far  thumb  strings  against  index  finger 
and  Pindiki. 
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7.  Right  hand.    Turn  hand  palm  downward. 

8.  Left  hand.  Close  little,  ring  and  middle  fingers  against 
palm.  liotate  hand  downward  and  outward,  then  inw^ard  and 
upward  to  wind  once  on  the  index  finger  the  left  hand  strings 
(Fig.  101). 


Fio.  101.  Axo. 


STRING  FIGURES  FORMED  FROM  ODD  OPENINGS 

LXVIII.  House 

Wardaman. 

Two  strings  and  two  persons  are  required  for  this  figure. 

This  figure  is  widely  distributed  in  the  Pacific  Islands.  With 
only  trivial  differences  the  procedure  is  similar  in  Queensland 
Turtle,"  Yap  House,'*  New  Zealand  **Moutohora,''  Mar- 
quesas and  Hawaii.  Comparisons  should  be  made  with  similar 
figures  from  Queensland,  Marin-anim  of  New  Guinea,  and  Palau, 
the  inanii)ulations  of  which  are  not  given. 

1.  Both  Persons.  Sit  on  ground  face  to  face  with  legs 
crossed.  Pick  up  First  String,  form  a  square  and  lay  on  ground 
between  the  four  feet.  Pick  up  Second  String  and  make  an- 
other square  by  inserting  hands  from  below  to  form  wrist  loops. 

2.  First  Person.  Both  hands.  With  thumli  and  index  finger 
lift  up  the  Second  Person's  near  wrist  string  and  draw  toward 
you. 

3.  Second  Person.  Both  hands.  Turn  hands  downward  by 
raising  elbf>ws,  pass  hands  away  from  you  under  tlie  string  held 
up  by  First  Person,  and  pick  with  thumb  and  index  finger  his 
near  wrist  string. 

4.  Both  Persons.  Both  hands.  Draw  hands  apart  and  per- 
mit wrist  loops  to  slip  over  hands  on  to  strings  by  raising  el- 
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bows.  With  ball  of  index  finger  hook  up  comer  of  square  made 
by  First  String,  draw  up  through  loop,  and  permit  latter  to  dip 
off  finger  and  on  to  strings  ( Fig.  102 ) .   Place  new  loop  over  foot 


Fio.  102.   A  step  in  '<Honse." 


Fio.  103.  "House." 
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5.  First  Person.  Right  hand  Koacli  into  center  of  figure 
and  lilt  up  between  thumb  and  index  finger  the  two  central 
strings  (Fig.  103). 

STRING  TRICKS 
LXIX.     Cutting  Off  the  Head'* 

Watidaman,  Southern  Cboss  (not  named  by  either). 

1.  Right  hand.  Place  string  over  head  so  that  a  long  loop 
hangs  in  front  of  body. 

2.  Both  hands.  With  thumb  and  index  finger  pick  up  middle 
of  string  of  pendant  loop.  Raise  hands  to  level  of  mouth  and 
cross  them  with  strings  tightly  drawn.  Pick  up  with  teeth  the 
intersection  of  crossed  strings  and  bring  hand  back  to  a  position 
directly  in  front  of  shoulder.  Extend  index  finger  so  that  string 
becomes  a  thumb  loop  (Fig.  104).    Swing  hands  upward  and 


Pio.  104.   '  *  Cutting  Off  the  Head. ' ' 


backward  to  toss  far  thumb  string  over  head  to  nape  of  neck. 
Betain  loop  on  thumb  and  return  liand  to  shoulder  position, 
palms  outward,  lingers  upward.  Bring  hands  suddenly  together 
with  a  loud  clap  and  at  the  same  time  release  strings  from 
teeth.   Both  strings  now  appear  on  back  of  neck. 

LXX.  "Hanging'' 

Taooman,  Wardaman,  Bbinken,  Mullik-Mullik,  Swan  Beach, 
Southern  Cboss  (not  named  by  these  tribes). 
1.  Right  hand.    Place  string  over  head  so  that  a  long  loop 
hangs  in  front.    Pick  up  right  loop  string,  carry  upward  to  left 
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to  wind  once  tightly  around  neck,  and  di'op  to  form  a  pendant 
loop  again. 

2.  Right  hand.  Pass  hand  over  right  string  of  loop,  pick  up 
middle  of  loft  loop  string  between  tips  of  thumb  and  index  finger 
and  return  to  position. 

3.  Left  hand.  Pick  up  middle  of  right  loop  string  with  tips 
of  thumb  and  index  finger  and  return  to  position. 

4.  Both  hands.  Bring  liands  together  so  that  the  strings 
cross  near  index  finger.  Encircle  the  two  strings  with  index 
finger  and  lock  by  pressure  from  tip  of  thumb.  Pass  middle, 
ring  and  little  fingers  into  loop  which  hangs  below.  Draw  hands 
apart  and  turn  palms  facing  (Fig.  105).  Raise  hands,  insert 
head  into  loop  from  below  and  drop  all  strings. 

5.  Either  hand.  Pull  any  string  and  all  strings  will  come 
off  neck. 


Wakdaman,  SouTUKijN  Cross  (uot  numcd),  Xgaluma  "Fingers 
Caught. 

1.  Lrff  hand.    Hold  hand  with  fingers  and  tlnimb  ontward. 

2.  Bight  Imnd.  Hang  loop  over  left  tluimb  and  hand  aiul 
withdraw  riglit  hand.  Insert  index  hngcr  from  tlio  h"ft  uiuUt 
near  thumb  string,  reach  between  thumb  and  index  finger  and 
pick  up  from  the  ri,2,ht  with  ball  of  finger  tlie  far  thumb  string. 
Draw^  out  to  the  left  of  near  thumb  string  to  form  a  small  loop, 
rotate  index  finger  inward  and  upward  to  give  loop  a  twist,  and 
place  it  over  left  index  finger. 


Pio.  105.  "Hanging." 


LXXI.  BULLOCKY 
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3.  Bight  hand.  In  a  similar  manner  pick  up  the  far  liand 
strinu:  lietween  the  index  and  middle  fingers  and  place,  after 
twisting,  on  the  left  middle  finger. 

4.  Right  hand.  Proceed  similarly  by  drawing  out  and  twist- 
ing: ^f>^>P  from  between  the  middle  and  ring  fingers  and  placing 
on.  the  left  ring  finger,  and  from  between  the  ring  and  little  fin- 
gers and  placing  on  the  little  finger  (Fig.  106). 

5.  Right  hand.  Draw  taut  the  two  long  hanging  strings. 
Hdft  left  thumb  loop  off  thumb  and  drop.  Now  pull  on  the  near 
long  hanging  string  and  all  the  strings  will  come  off  the  fingers. 


Darwin,  Mogumbhk,  Swan  Reach  (not  named  in  these  places). 

1.  Right  hand.  Place  string  across  left  palm,  palm  upward, 
fingers  outward,  so  that  long  loop  hangs  below.  With  thumb 
and  index  finger  grasp  both  strings  of  hanging  loop  and  draw 
them  upward  in  such  a  manner  that  the  near  string  passes  be- 
tween little  and  ring  fingers  and  the  far  string  between  index 
and  middle  fingers.  Draw  strings  taut,  move  hand  to  left  so 
that  strings  pass  between  left  index  finger  and  thumb,  then  move 
hand  back  to  right  to  carry  strings  over  left  thumb  (Fig.  107). 

2.  Left  Jiaiid.  Bend  index  finger  over  npper  ihunib  near 
string  and  l)y  rotating  the  finger  downward  and  outward  pick 
up  a  loop  on  this  finger. 

Right  hatul.  Draw  lower  iicai"  left  tlninil)  siring  l)etween 
left  little  and  ring  fingers  and  drop  all  strings  from  right  hand 
(Fig.  108).    With  thumb  and  index  finger  pick  up  the  two  left 


Fio.  106.  Bullocky. 


LXXII.     Cutting  Off  the  Fingers 
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Fig.  107.    A  bttp  in  "Cutting  Off  the  Fingers." 

tlnimb  loops,  draw  tightly  between  the  left  middle  and  ring 
lingers  and  drop  on  far  side  (Fig.  109).  Draw  out  the  left 
palmar  string  and  all  the  strings  will  be  free. 


FiQ.  108.    A  Step  iu  "Cutting  Off  the  Fingers." 

LXXIII.  Cutting  Off  the  Nose 

Ngaluma. 

This  trick  is  the  same  as  Torres  Strait  A  Fly  on  the  Nose," 
except  that  the  loop  is  made  in  reverse  order. 

1.  Both  hands.  Hold  string  between  tips  of  thumb  and  in- 
dex finger,  with  palms  downward  and  hands  about  four  inches 
apart,  so  that  a  long  loop  hangs  below. 

2.  nifjhf  hand.  Circle  hand  forward,  then  back  to  the  left 
until  tips  of  thumbs  meet  to  form  a  small  loop. 
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Fig.  109.   A  Step  in  ''Catting  Off  the  Fingers.'' 

3.  Both  hands.  Grasp  crossed  strings  between  tips  of  thumb 
and  index  finger  and  place  in  teeth  so  that  the  small  loop  hangs 
from  the  mouth.    Drop  all  strings  from  hands. 

4.  Left  hand.  Grasp  both  strings  of  the  long  hanging  loop 
and  hold  taut  with  strings  uncrossed. 

5.  Right  hand.  Pass  hand  forward  through  long  loop  above 
the  left  hand.  Turn  palm  upward  and  raise  hand  until  index 
finger  is  directly  in  front  of  small  loop  held  by  teeth.  Bend 
index  finger  down  into  small  loop  (Fig.  110),  hook  finger  over 
lower  part  of  a  loop  and  rotate  finger  leftward,  then  upward,  to 
give  loop  a  twist  (Fig.  111).  Place  tip  of  index  finger  against 
tip  of  nose,  palm  facing  you. 


Fio.  110.    A  step  in  "Cutting  Off  the  Nose." 
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6.  Left  hand.  To  *'cut  off  the  nose"  give  the  long  loop  a 
jerk  and  at  the  same  time  release  the  string  from  the  teeth. 


Fio.  111.    A  step  in  "Cutting  Off  the  Nobc." 

LXXIV.     Threading  the  Needle" 

Ngaluma,  MoGUMBEri,  SwAx  Reach  (not  named  in  these  areas). 

A  single  piece  of  string  is  better  for  tliis  widely  distributed 
catch,  altliongh  a  loop  used  as  a  single  string  will  do. 

1.  Right  hand.  Place  string  over  left  thnmb,  palm  inward, 
fingers  to  right,  so  that  abont  ten  inches  of  string  hangs  on  the 
far  side  of  thumb.  With  right  thumb  anil  index  finger  pick  up 
the  near  thumb  string  and  wind  several  times  around  thumb. 


Fio.  112.   "Threading  the  Needle." 
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iSIake  a  small  loop  in  the  remainder  of  string  held  in  right  hand 
a,iid  place  this  between  left  thumb  and  index  finger  so  that  the 
long  hanging  part  of  the  string  is  near  the  base  of  the  left  thumb. 

2.  Right  hand.  With  tips  of  right  thumb  and  index  finger 
pick  up  the  hanging  end  of  the  original  far  thumb  string  and 
draw  to  right  without  pulling  taut.  Hold  this  string  as  if  you 
were  threading  a  needle  and  make  several  passes  toward  the  loop 
(Fig.  112).  Finally  draw  this  string  tight  and  allow  it  to  pass 
upward  between  the  left  thumb  and  index  finger  at  the  same  time 
as  you  pass  the  right  hand  quickly  over  the  left  hand.  This 
movement  draws  the  string  up  into  the  loop  but  gives  the  impres- 
sion that  it  has  been  passed  through  the  loop. 

APPENDIX  A 
Stbixo  Figures  fbom  Abnhem  Land,  North  Australia 

These  figures  were  collected  by  Mr.  H.  U.  Shepherdson  at 
Milingimbiy  North  Australia,  and  mounted  on  paper  for  the 
South  Australian  Museum.  The  manipulations  were  not  re- 
corded but  since  many  of  the  patterns  are  the  same  as  those 
collected  by  the  author  a  few  hundred  miles  to  the  southwest  it 
seems  safe  to  conclude  that  some  of  the  procedures  in  the  two 
districts  are  identical. 

There  is  one  local  peculiai'ity  not  noted  in  any  other  region, 
the  presence  of  several  twists  in  Iho  strings  at  various  points  of 
the  patterns.  This  arrangement  i)resnmably  is  a  distinctive 
contribution  to  string  iigure  construction. 

1.  Stingray  Spear. — This  figure  ])elongs  to  the  same  class  as 
Lily  (Fig.  25),  Headdress  (Fig.  27),  Hut  (Fig.  28),  Fish  Spear 
(Fig.  40)  and  Spear  (Fig.  42).  There  are  four  loops  of  which 
two  are  on  the  same  finger. 

2.  Goanna, — ^Identical  with  Bunk  (Fig.  44),  Men  Coming  to 
a  Fight  (Fig.  61),  Canoe  (Fig.  72)  and  Bandicoot  (Fig.  89). 

3.  Stingray. — The  same  as  the  preceding  with  added  twists 
in  the  strings  which  run  from  each  diamond  to  the  thumb. 

4.  Crocodile. — The  same  as  Net  (Fig.  97),  Second  Flying  Fox 
(Fig.  82)  and  Third  Flying  Fox  (Fig.  83)  except  for  the  twists 
in  tiie  strings  which  run  from  each  lateral  diamond  to  the  thumb. 
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5.  Wallaby's  Intestines. — Similar  to  the  preceding  except 
that  the  twists  separate  the  two  central  diamonds. 

6.  Sun. — The  same  as  Crocodile's  Eye  (Fig.  60). 

7.  Dead  Man, — The  same  as  Blackfellow  Steals  a  Lubra  (Fig. 
77). 

8.  Tortoise— Similar  in  type  to  Dilly  Bag  (Fig.  50),  Turtle 
(Fig.  51)  and  Turtle  (Fig.  98). 

9.  MutchicM.— Identical  with  Dilly  Bag  (Fig.  17).  A 
doubled  string  is  employed. 

10.  Honey  Comb, — ^The  same  as  Bed  (Fig.  43)  and  Ooanna 
(Figs.  64  and  66). 

11.  Crab, 

12.  Native  Companion. 

13.  Fire  Sticks. 

14.  Mopoal\ 

15.  Frvsh  Water  Turtle. 

16.  Turtle  Shell. — The  same  as  South  Queensland  Turtle. 

APPENDIX  B 

String  Figures  from  Hermannsblij{g,  Central  Australia 

These  figures,  mounted  on  paper  in  the  South  Australian 
Museum,  were  collected  by  Mr.  N.  B.  Tindale  and  others  at 
Hermannsburg,  Central  Australia,  from  mixed  Arnnta  and  Ku- 
katja  natives.  The  procedures  were  not  recorded.  In  many 
specimens  the  strings  have  slipped,  hence  comparison  is  difficult. 
However,  many  patterns  can  be  identified  as  identical  with  North 
Australian  designs.  It  will  be  seen  that  several  patterns  have 
a  variety  of  names. 

At  the  present  time  there  seem  to  be  no  outstanding  features 
to  distinguish  Central  Australian  figures  from  those  of  other 
areas. 

1.  Deep  Wafer  Hole  with  Ripples. — Similar  to  Devil-devil's 
Aims  (Fig.  58). 

2.  Wo}na}i. — 

3.  Cloud.  These  figures  are  the  same  as  Bunk 

4.  Lizard.  (Fi,i>-.  44),  Men  Comintj:  to  a  Fight 

5.  Frog.  {Fv^.  61),  Canoe  (Fig.  72)  and  Ban- 

6.  Woman  with  Child,  dicoot  (Fig.  89). 

7.  Dogs  Copulating, 
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8.  Cooked  Babbit  on  a  Stick. — Of  tlie  same  general  type  as 
Lily  (Fig.  25),  Headdress  (Fig,  27),  Hut  (Fig.  28),  Fish'Spear 
CFig.  40)  and  Spear  (Fig.  42). 

9.  Rabbit  Bandicoot. — Suggestive  of  Emu  Foot  (Fig.  29). 

10.  Ttvo  Dogs. — Similar  to  the  preceding  except  that  the  de- 
sign is  at  each  end.  . 

Except  for  slii'lit  alterations  in  the  exten- 

12.  Stone.  I  •     \i       4       r  +    u  +1 

^      J.  ,  fsiuns  these  lour  ligures  seem  to  be  the 

13.  Crayfish.  ^ 

14.  Native  House,) 

15.  Large  Lizard. — The  same  as  a  step  in  Blackf ellow  Steals 
a  Lubra  (Fig.  76). 

16.  Bahy  Evacuating. — The  same  as  Fourth'Flying  Fox  (Fig. 
84). 

17.  Wooden  Baby  Carrier. — ^Identical  with  Opening  A  (Fig. 

3). 

18.  Little  7?irJ.— Resembles  Blackfellow  (Fig.  22)  and  Boy 
after  Lubra  Runs  Away  (Fig.  79). 

19.  Beetle— 

20.  Fishinfi  Net. 

9>  ^jr  ^^}^^  ^nake.  t^Yiq^q  figures  are  comparable  with  Men 
Z:    '  ;  looming  to  a  Fight  (Fig.  62)  and  Python 

t^.  [(Figs.  69  and  86). 

25.  Little  Dog. 

26.  Centipede. 

27.  Mythical  Large   Watersnake. — The  same  as  Goanna 
(Figs.  64  and  66)  and  Bed  (Fig.  43). 

28.  Gently  Running  Water. — Apparently  the  same  as  Oroco- 
dile  (Fig.  59). 

29.  Man  iSitting  Dotvn. — The  same  as  First  Flying  Fox  (Fig. 
81). 

30.  Man  (Pattern  of  Seat        37.  Bed. 

in  Sand).  38.  Ngappa  Crow  Walking 

31.  Penis.  with  Wings  Drooped. 

32.  Little  Boy.  39.  Butterfly. 

33.  Bock  Hole.  40.  Duck. 

34:.  Bull  Ant.  41.  Tivo  Wo7nen  Sitting 

35.  Four  Men  Sitting  DoiDi.  Down. 

36.  Two  Women  Fighting.  42.  Bing  Necked  Parrot. 
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43.  Ground  Lark. 

44.  Bandicoot, 

45.  Monkey, 

46.  Chickevs. 

47.  Small  Fish. 

48.  Butterfly. 

49.  Big  Spider, 

50.  Camel  Rope. 

51.  Eaglehawk, 

52.  Kivildkmila, 

53.  Two  Kangaroos. 

54.  Native  Mice  Playing. 

55.  Yertitjina. 

56.  Do^  Chasing  an  Emu. 

57.  i^Z/Y/. 

58.  Witchety  Grub  Mob. 

59.  Low^  Edible  Snake. 

60.  Tk;o  Intertwined 
Snakes. 

61.  T»o  Arunta  Natives. 

62.  Quarrel  Between  Two 
Women  with  Sticks. 

63.  Creek  in  Flood. 


64.  Dingo  Pups. 

65.  Fowr  Foo</  Bowls. 

66.  Kangaroo. 

67.  -4w^s. 

68.  Marsupials. 

69.  Two  ^  r  1/  w  f  a  TFoiwcb 
Hitting  Each  0 flier. 

70.  Platform  of  Branches 
on  whieli  (Intringa  are  Laid. 

71.  Yards  for  Mustering 
Stock  (in  imitation  of  fish 
weirs). 

72.  Hairy  Caterpillar 
Found  in  Eucalyptus  Tree. 

73.  Pregnant  Dingo, 

74.  Pouched  Rat. 

75.  Tl^iw/tT  F^oor/. 

76.  Waterholes  Dufi  in 
Sand  of  a  Creek  in  Dry  Coun- 
try. 

77.  Lizard. 

78.  Lizard, 


APPENDIX  C 
String  Figures  prom  the  Coorong,  South  Australia 

This  figure  was  collected  by  Mr.  N.  B.  Tindale  of  the  South 
Australian  Museum  where  it  is  now  mounted  on  a  card.  The 
manipulation  was  not  recorded.  In  view  of  Cawthome's  re- 
port of  string  figures  among  the  Adelaide  tribe  in  1844  it  seems 
likely  that  other  figures  were  formerly  known  in  the  nearby 
Coorong  district. 

1.  Fish  Net. — The  design  is  identical  witli  Second  Flyins; 
Fox  (Fig.  82),  Third  Flying  Fox  (Fig.  83)  and  Net  (Fig.  97). 
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APPENDIX  D 

String  Figures  from  the  Dumantina  District, 

South  Australia 

These  figures,  mounted  on  paper  in  the  South  Australian 
Museum,  were  collected  by  Mr.  N.  B.  Tindale  in  the  Diamantina 
district  in  the  northeastern  part  of  the  state.  The  manipulation 
was  not  recorded. 

1.  Yam. — ^This  figure  belongs  to  the  same  general  class  as 
Lily  (Fig.  25),  Headdress  (Fig.  27),  Hut  (Fig.  28),  Fish  Spear 
(Fig.  40)  and  Spear  (Fig.  42).   There  are  four  separate  loops. 

2.  Man  Stalking  Emu. — There  are  three  progressive  figures 
in  a  series. 
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APPENDIX  F 


Cup  and  Saucer 


This  figure,  learned  in  Philadelphia  from  an  Anjerican-born 
Scotch  girl  of  immigrant  parents,  is  included  herein  as  a  mat- 
ter of  record.  No  information  is  available  as  to  its  ultimate 
origin.  Comparison  should  be  made  with  Dressing  a  Skin" 
of  the  Thompson  Indians,  British  Columbia,  given  by  Jayne, 
p.  30. 


1.  Both  hands.    Opening  A. 

2.  Both  hands.  Bend  thumb  over  near  index  finger  string 
and  pick  up  from  below  on  its  back  the  far  index  finger  string. 

3.  Both  hands,  Navaho  thumb  strings,  drop  little  finger 
strings  and  extend  (Fig.  113). 

Release :  Drop  index  finger  strings  and  extend 
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BIBLIOGRAPHY 


Copyrighted  material 


ABORIGINAL  AUSTRALIAN  STRING  FIGURES 


901 


Etrb,  E.  J.    1845.   Journals  of  Expeditions  into  Central  Australia,  etc.    2  vols. 

London. 

Gill,  W  .W.    1876.    Life  in  the  Soutliern  Isles.  London. 

GOBDON,  G.  B.    1906.    Notes  on  the  Western  Eskimo.    Transactions  of  the  Free 

Museum  of  Science  and  Art,  2,  No.  1.  Philadelphia. 
Grimble,  a.    1931.    Gil])ertese  Astronomy  and  Astronomical  Observances.  Journal 

of  the  Polynesian  Society,  40. 
Haddon,  A.  C.    1903.    A  Few  American  String  Figures  and  Tricks.    American  An- 
thropologist, 2. 

1906.    String  Figures  from  South  Africa.    Journal  of  the  Royal  Anthropological 
Institute,  36. 

1912.    Report  of  the  Cambridge  Anthropological  Expedition  to  Torres  Straits,  4. 

Cambridge. 

Haddon,  K.    1911.    Cat's  Cradles  from  Many  Lands.  London. 

1918.    Australian  String  Figures,   Proceedings  of  the  Boyal  Society  of  Victoria, 
30. 

1930.    Artists  in  String.  Ldiidon. 
Uall,  C.  F.    1864.    Life  with  the  Esquimaus.  London. 

Hambruch,  p.    1914.    Nauru.    Ergelnise  der  Siidsee-Expedition,  1908-1910.  Part 

2B,  No.  1.  Hamburg. 
Handy,  W.  C.    1925.    String  Figures  from  the  Marquesas  aud  Society  Islands. 

Bishop  Museum  Bulletin  18. 
Holmes,  J.  H.    1924.    In  Primitive  New  Guinea.  London. 

HORNELL,  J.    1927.    String  Figures  from  Fiji  and  Western  Polynesia.   Bishop  Mu- 

seum  Bulletin  39. 

1932.    String  Figures  from  Gujarat  and  Kathiawar.   Memoirs  of  the  Asiatic 

Society  of  Bengal,  11:  4. 
JAYNE,  C.  F.    1906.    String  Figures.    New  York. 

Jenness,  D.    1920.    Papuan  Cat's  Cradles.    Journal  of  the  Koyal  Anthropological 
Institute,  50. 

1924.    Eskimo  String  P^'igures.    Report  of  the  Canadian  Arctic  Expedition,  1913- 
1918,  13,  Part  B.  Ottawa. 

Klutschat,  H.  W.    1881.    Als  Eskimo  nnter  den  Eskimos.  Wien. 

Kboeber,  a.  L.    1899.    The  Eskimo  Of  Smith  Sound.   American  Museum  of  Nat- 
ural History,  Bulletin  12. 

Maude,  H.  C.  and  H.  E.    1936f.    String  Figures  from  the  Gilbert  Islands.  Journal 
of  the  Polynesian  Society,  46f . 

BiTEHS,  W.  H.  R.,  and  Haddon,  A.  C.    1902.    A  Method  of  Becording  String  Fig- 
ures and  Tricks.    Man,  N«.  109. 

Roth,  W.  E.    1902.    North  Queensland  Ethnography.    Bulletin  4.  Brisbane. 
1903.    Beport.   American  Anthropologist,  5. 

1924.    An  Tntroduetory  Sfiidy  of  tlio  .\rts,  Crafts,  niul  Customs  of  the  Guiana 
Indians,    Bureau  of  American  Ethnology,  38th  Annual  Report.  Washington. 
Stanley,  G.  A.  V.    1926.    String  Fi^'ures  of  the  North  Queensland  Aborigines. 

Queendaiid  (ii  of/ra/ihical  Jounml.  60,  61.  Brisbane. 
Spencer,  B.    1928.    Wanderings  in  Wild  Australia.    2  vols.  London. 
Smyth,  R.  B.    1878.    Tlie  Aborigines  of  Victoria.    2  vols.  Melbourne. 
Tenicheff,  W.    1898.    Games  of  the  Eskimaux.   L'ActivitS  de  Vhomme.  Paris. 
Tylor,  E.  B.    1879.    Remarks  on  the  Geographical  Distribution  of  Games.  Journal 

of  the  Koyal  Anthropological  Institute,  9. 
Raymund,  P.    1911.    Die  Failen  und   Abnehmespielc  auf  Palau.    Anthropos,  6. 
WiHZ,  P.    1922.    Die  Marind-anim  von  Hollandische-Siid-Ncu-Guinea.  Hamburg. 


INDEX  TO  VOLUME  84 


Allen,  Henry  Butler,  Alexander  Dallas 
Bache  and  his  connection  with  Tlie 
Franklin  Institute  of  the  State  of 
Pennsylvania,  14;") 

-Anderson,  Thomas  ¥.,  and  B.  M.  Duggar, 
The  effects  of  heat  and  ultraviolet  light 
on  certain  physiological  properties  of 
yeast,  661 

Aurora    and    geomagnetism  (Gartlein), 

Australian  string  figures,  Aboriginal 
(Davidson),  Zfi3 

Badie,  Alexander  Dallas,  Commemoration 

of  the  life  and  work  of,  125 
Basilica,   Early  Christian,  S.  Pietro  in 

Vincoli  and  the  tripartite  transept  in 

(Krautheimer),  3;") 3 
Berkner,  L.  V.,  Contributions  of  iono- 
spheric research  to  geomagnetism,  309 
Binaries,    eclipsing,    Determination  of 

limb    darkening   in,   from  color-index 

observations  (Kopal),  565 
Bone,  Responsive  (Davenport),  65 
Bowring,  John,  and  tlie  poetry  of  the 

Slavs  (Coleman),  m 
Bronze,  Corroded,   of  Corinth  (Caley), 

689 

Caley,  Earle  R.,  The  corroded  bronze  of 
Corinth,  fi&fl 

Clieyney,  Edward  P.,  The  connection  of 
Alexander  Dallas  Bache  with  the  Uni- 
versity of  Pennsylvania,  151 

Colbert,  Leo  Otis,  Alexander  Dallas  Bache 
as  Superintendent  of  United  States 
Coast  Survey,  1843-1867,  m 

Coleman,  Arthur  Prudden,  John  Bowring 
and  tlie  poetry  of  the  Slavs,  431 

Columbus,  What  —  saw  on  landing  in 
the  West  Indies  (Olschki),  fi33 

C'onklin,  Edwin  G.,  Alexander  Dallas 
Bache  and  his  connection  with  the 
American  Philosopiiical  Society,  125 

Cosmic  radiation.  Production  of  neutrons 
by  (Korff),  5Sfl 

Davenport,  C.  B.,  Responsive  bone,  65 
Davidson,  Daniel  Sutlierland,  Aboriginal 

Australian  string  figures,  763 
Drosophila  mdanogaster.  Structure  and 
development  of  centrifuged  eggs  and 
early  embryos  of  (Ilowlaiid),  605 


Duggar,  B.  M.  (with  Thomas  F.  Ander- 
son, see  Anderson) 

Electrons,  secondary,  I^roduction  of,  by 
electrons  of  energy  between  (LI  and 
2Ji  MEV  (Horn beck  and  Howell),  33 

Fleming,  J,  A.,  Geomagnetism :  world- 
wide and  cosmic  aspects  with  especial 
reference  to  early  research  in  America, 
263 

(iaposchkin,  Cecilia  Payne  (with  Fred  L. 
Whipple,  see  Whipi)le) 

Gartlein,  C,  W.,  Aurora  and  geomagnet- 
ism, 22S 

Geomagnetism,  Symposium  on,  187 
Gesell,  Arnold,  The  genesis  of  behavior 

form  in  fetus  and  infant,  471 
Gish,  O.  ILj  Terrestrial  electricity  in  re- 
lation to  geomagnetism,  187 

Ilallborg,  IL  E.,  Correlations  of  short 
wave  radio  transmission  across  the  At- 
lantic with  magnetic  conditions,  323 

Heck,  X.  ILj  The  magnetic  survey  of  the 
United  States,  205 

Heyl,  Paul  R.,  Magnetism  and  its  uses, 
339 

Hornbeck,  George,  and  Irl  Howell,  Pro- 
duction of  secondary  electrons  by  elec- 
trons of  energy  between  iL7  and  2J3 
MEV,  33 

Howell.  Irl  (with  George  Hornlteck,  see 
Hornbeck) 

HoAvland,  Ruth  B.,  Structure  and  develop- 
ment of  centrifuged  eggs  and  early 
embryos  of  Drosophila  mclanogaster, 

mn 

Tlyhi  cnicifrr.  Reproductive  physiology 
of  (Rugh),  fill 

Ionosi)heric  research.  Contributions  of,  to 
geomagnetism  (Berkner),  309 

Jewett,  Frank  B.,  Alexander  Dallas 
Bache,  a  founder,  first  president  and 
benefactor  of  the  National  Academy  of 
Sciences,  181 

Johnston,  IL  F.,  Magnetic  work  at  sea, 
257 

Kiihler,  W'olfgang,  On  the  nature  of  as- 
sociations, 489 

203 


904 


INDEX 


Koinil,  Zck'iR'k,  Di'fenuiii.-itidii  of  limb 
darkt'iiing  in  eclipsing  binaries  from 
color-index  observations,  .")!).") 

KorflF,  S.  A.,  The  production  of  neutrons 
by  the  cosmic  radiation,  ">.S!» 

Krautheinier,  Richard,  8.  Pietro  in  Vin- 
coli  and  the  trii)artite  transept  in  the 
Early  Christian  basilica,  ■H;!.'^ 

I^andis,  Carney,  Psychoanalysis  and  scien- 
tific method,  1115 

Lashley,  Karl  S.,  Coalescence  of  neurol- 
ogy and  jisychology,  461 

McComb,  IL  E.,  Geomagnetic  observa- 
tories and  instruments,  239 

McNish,  A.  G.,  Tlie  significance  of  fossil 
magnetism,  225 

Magnetism,  see  geomagnetism 

Natural  selection  before  the  "Origin  of 

Species"  (Zirkle).  11 
Nervous    system,    central,  Autonomous 

versus     retlexogenous    activity  of 

(Weiss),  ii3 
Neutrons,  Production  of,  by  the  cosmic 

radiation  (KorflF),  ;")H9 

Odgers,  Merle  M.,  Bache  as  an  educator, 
Ifil 

Olschki,  Leonardo,  What  Columbus  saw 
on  landing  in  tlie  West  Indies,  r>33 

"Origin  of  Species,"  Natural  selection 
before  (Zirkle),  II 

Peeper,  male  spring,  Reproductive  |)hysi- 
ology  of  (Rugh),  617 

Psychology,  Symposium  on  recent  ad- 
vances in,  4()1 


Radio  transmissiun  across  the  Atlantic, 
short  wave,  Correlations  of,  with  mag- 
netic conditions  (Hallborg), 

Rugh,  Roberts,  Exjjerimental  studies  on 
the  reproductive  i)hysiology  of  the 
male  spring  peeper.  Hula  cruciftr,  fil 7 

S.  Pietro  in  Vincoli  and  the  tri[>artite 

transept  in  the  Early  Christian  basilica 

(Krautheimer),  3o3 
Slavs,  John  Bowring  and  the  poetry  of 

(Coleman), 
String    figures.    Aboriginal  Australian 

(Davidson),  763 
Sujiernova  8j)ectra,  Theoretical  syntb*"sis 

of  (Whipple  and  Gaposchkin).  1 
Symposia : 

Geomagnetism,  1S7 

Recent  advances  in  psychology',  4fil 

Thorndike,  Edward  L.,  Mental  abilities. 
"■03 

Tolman,  Edward  C,  Motivation,  learning 
and  adjustment,  543 

Weiss,  Paul,  Autonomous  versus  reflexog- 
enous  activity  of  the  central  nervou-* 
system,  53 

Whipple,  Fre<l  L.,  and  Cecilia  Payne- 
Gaposchkin,  Theoretical  synthesis  of 
supernova  spectra,  1 

Yeast,  Effects  of  heat  and  ultraviolet 
light  on  certain  physiological  proper- 
ties of  (Anderson  and  Duggar).  CjH 

Yerkes,  Robert  M.,  Psychology  and  de- 
fense, 527 

Zirkle,  Conway,  Natural  selection  before 
the  "Origin  of  Species,"  II 


Coi 


ISBN  1-4223-7222-7 


781422 


372227 


Copyrighted  material 


Copyrighted  material 


